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In 1980 it was reported for the first time that the 

Lift rasound imaging system - sonography or B-scnn-rcab 

lime echography - permitted a reliable early pregnancy 

diagnosis in mares (Palmer and Drumcourt), This re- 

>rt triggered a development during the course of 
which sonography became an important tool for the 
management of reproductive problems. 

Since then sonography provided significant contnbu- 


fctal viability can be determined allowing a more ra¬ 
tional decision to be made when choosing between 
medical or surgical interventions. Also in other vet¬ 
erinary disciplines the application of tilt i :isnnpgraphy is 


gaming mure importance, 

It is thus becoming apparent that ultrasound diag¬ 
nostics in veterinary medicine may experience the same 
kind of development as it has in human medicine where 




lions to our better understanding of the early embryonic it was first applied in gynecology at the end of the fift ies 


phase and has contributed significantly to new discov- t Donald et al. 1958 -i and since then has expanded into 

eries concerning the function of the uterus and ovaries virtually all fields of diagnostics. 

Although the technique currentEy only stands at the 

beginning of its development in veterinary medicine it is 

obvious that ultrasound imugi itg provides a valuable ad- 

in the gynecological examination of mares. In contrast ditional diagnostic technique in gynecological and ob- 
to traditional methods, ultrasonography permits a much stetrical examinations. In the few years of its application 
earlier and more accurate diagnosis of pregnancy and this technique has already pn w ided several new tndica- 
provides relevant practical information about many lions for diagnostic examinations in normal and patho- 

other conditions of (he genital tract (Simpson et al, logical conditions of the genital tract of domestic ani- 

1982, Valon et al 1982, i eidl and Kahn 1984. Kahn mals, When compared to conventional methods the 

diagnostic accuracy has improved significantly 

The sonographic progress provided the stimulus for 

writing this book so as to illustrate the possibilities and 


(Chevalier and Palmer 1982, Ginther 1983, Gimher 
and Pierson 1984), 

Veterinary sonography has gained significant value 


and Leidl 1987). 

Today ultrasmngraphy is applied in the rcproduc 
live and obstetrical examination of numerous other spe 
ties. Initial publications have appeared on virtually all limitations of the application of ultrasonography to the 

domestic species. It has been shown that sonography examinat on of the reproductive systems in horses, cat- 

can be applied very successfully in the diagnostic work- tie, sheep, goats. pig,s, dogs and cats. 

up on the bovine uterus and ovaiy (Chaffaux et at, 1982, 1 thunk my teacher and mentor, Professor Dr. DDr, 

Pierson and Ginther 1984 a and b, Reeves ct al. 1984, 


too. 


Kiihn 1985, Taveme el al, 1985, White et at, 1985). In scientific studies over many years. His influence has 

countries where sheep and goats are bred intensively, been a significant factor in the development of ilm 

ultrasonography spread surprisingly rapidly as a means book, 

of diagnosing pregnancy and establishing fetal uumE>ers 
! amiurier et al. ]983 a andb f De Btns and Taveme providing illustrations and contributions to this book: 

1984, Fowler and Wilkins 1984, White el al. 1984). In Dr. C. Bouabid, Dr; J. Fraunholz, Dr, B. Kahn, Dr. T, 

the pig ultrasonography is also very useful in diagnosing Pyczak and Dr, K. Wil 

pregnancy (i naba et al. 1983, Botero ct al. 1984 t Iric et 

aL 19841, In the bitch and queen it is used to diagnose in the production of this edition, 
pregnancy at a much earlier stage than is possible by any 

other method (Mailhac ct al. 1980, Boulet 1982, Laiblin 

ct al. 1982, Legrand et al, 1982). In obsteti cal cases Kaufungen, June 1994 


I wish to thank the following people for kinJK 


I acknowlctlgc the work of the staff of SehliUerschc 


Wolfgang Kahn 
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Preface to current edition 


In 1994, when the first edition of Veterinary Repro¬ 
ductive Ultrasonography was publl ished, ultrasound ima¬ 
ging was considered to be just a supplementary dueuo 
Stic tool. The technique was not widely used at that time 
i: id was often only employed when more conventional 
diagnostic tools were considered tube inadequate. In the 
meantime* diagnostic medical sonography has advanced 
to being a basic tool used in a variety of physiological 
and pathological reproductive conditions in the horse* 

cow. small ruminants* pig* dog and cat. Ultrasound ima¬ 
ging has found its way into routine veterinary practise for 

early pregnancy recognition in domestic animals* for 
improved ovarian diagnosis, and For a better detection of 
pathological changes in the uterus. 

The extensive implementation of diagnostic medical 

sonography brought with it a great need for specialist 
literature and as a consequence* the first edition of this 


k W'as quickly sold out. Both veterinary surgeons and 

students have frequently requested that it should be 
reprinted or a new edition published. Looking through 
the first edition* it could be recognised that the book's 
contents have remained up-to-date. Even though there 
has been an enormous increase in knowledge about 
reproductive processes during the more than rwo decades 
of ultrasound imaging* the pertinent basic scientific 
knowledge had already been included in the first edition, 

and this has rctained its validity. Therefore* The publisher 
and author have mutually decided to reprint the first edi¬ 
tion without changing any of its contents. 




Zurich* December 2003 


Wolfgang Kahn 


Avtorsko zaseiteno gradlvo 







10 UUmsommuphy u i the mare 


Fig. U: Schematic presentation of the traosrectaJ ultrasono¬ 
graphy of the uterus and (wanes of a marc. 
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Fig. 1.2: Dorsovcntral sagittal section through the neck of the 
urinary bladder (l 1 ) of a marc, i he bladder lies on the hyper 

echoic pelvic floor widening as il extends cranially. The urine 
is slightly echoic. Ultrasonogram taken with a 5 MHz linear 
scanner 1 . 


Fig. 1.3: Dorsovcntral sagittal section through the body of the 
urinary bladder (arrows) of a mare. The urine is intensely 

echoic. Ultrasonogram taken with a 5 MHz sector scanner 
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Most ultrasonogram* in this book were lakcn in vivo. Some photiv 

graphs were made after scanning the excised orpins im a waieibaih 
and the legends marked accordingly 
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UItrason t >grapfiy in the mare 


] l 


allows for ihe recognition and identification of the 

genital organs and their characteristic ultrasonic pat¬ 
terns. 


the 


bubbles 1 under the transmission 

of ultrasound waves. The absorption of sound waves by 

fecal matter tying between the probe's scanning window 

and the rectal wall will result in the appearance of black 
stripes in the depth of the image. The rectum must 
therefore be evacuatei and the probe then introduced 
through the anus. The probes scanning window is di¬ 
rected vent rally while it slides era malty along the rectal 

floor. During the examination the probe is covered for- 

salfy by the examiner’s Hand ami manipulated with the 

With increasing experience it is frequently 
possible to determine the position of organs and the 
probe's orientation inside the pelvis by recognising 

typical images on the screen. It is usually not necessary 

to manually position the organs in preparation for an 

ultrasound examination. 


Feces and fecal gas 


In mares the uterus and ovaries are examined by 

transrectai ultrasonography. For this purpose the ultra* 

sound probe is introduced into the caudal rectum. 

In order to keep the probe hygienic and to protect it 
from moisture it is preferable to pull a plastic sleeve 

over the probe. The space between Ihe scanning win¬ 
dow of the probe and the plastic sleeve must be filled 
with gel to exclude any air bubbles which cause undesi¬ 
rable reflections and thus affect the image quality. It is 

not necessary to apply any coupling gel between the 
plastic sleeve and the rectum, since he rectum's natural 
coittracnlity and moist contents both provide favorable 
condmons for the exclusion of air between the probe's 

scanning surface and the rectal wall. Many veterinarians 

introduce the unprotected probe into the rectum. 

The procedure of ultrasound exam ' n u n of the ute¬ 
rus and ovaries Ls similar to that of a rectal examination 

(Fig. LI )i. Control and handling of the marc arc also the 

same. Begirt the genital organs arc scanned they arc 

palpated in the usual manner thereby facilitating the 

speedy location of the organs and the cxnrect position 

ing of ihe probe to ensure a swift and accurate examin¬ 
ation. During the learning period of ultrasound examin* 

ations it is also helpful to compare the familiar palpable 

structures to the “new" images seen on the screen. This 


fingers 


The urinary bladder is the first ultrasomcally striking 


organ encountered after passing the probe through the 

anus. The neck of the bladder widens over the cranial 


pelvic edge to join the body of ihe bladder (Fig, 1.2). 

I he echogenicity of mares' urine can vary greatly. The 
ultrasonic image varies from almost ancchoic to 

strongly echoic in the case of very viscous urine 
(Fig,1.3), Turi .ilently moving reflexions can frequently 
be detected inside the bladder's fluid content. 





































1 2 Ultrasonogjttphy in the mart 


Fig. L4: Transverse seel ion through a uterine bom of a mare. 
The peritoneal border are indicated hy amm Analogous to 
the section represented by A in Fig. 1*5, 


Fig. L5: Schematic presentation of a transverse section 
through a uterine horn (A) and a longitudinal section through 
the uterine body (B), 


Fig* 1,7: Transverse section dirt >ugh a uterine honi (arrows') of 

a nonpregnant marc. The uterus is positioned above 3 arched 
sacculations of the left dorsal colon, T’hc dttference in imped¬ 
ance between the intestinal wall and the feces cause total 

refaction of the ultrasound waves along the echoic saccula¬ 
tion* of the colon. 


Fig, 1 , 6 ; Longitudinal section through the uterine body of a 

mare equivalent to the section illustrated by B in Fig, 1,5, The 
dorsal and ventral uterine border are demarcated by large 

arrows. The opposing surfaces of the endometrium form an 

echoic line (small arrows). 
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After visualization of the urinary bladder the ultra¬ 
sound probe is advanced cranially until the uterus ap¬ 
pears on the screen* The probe is placed dorsal!) on the 
uterus at the level of the bifurcation* From here the 
ventrally directed probe is rotated laterally along the 
uLerinc horn until the ovary is visualized and then back 
io 1 he opposite side to the second ovary* In this manner 
the uterine horns arc scanned slice by slice. Each slice 
represents a sagittally oriented cross section th rough the 
uterine horn (Fig. 1.4 and 1.5). After the two horns the 

uterine body is imaged on the screen* Starling at the bi¬ 
furcation the probe is withdrawn along the midline up 

to the level of the cervix. In the process one sees a sagit¬ 
tal longitudinal section of the uterine body (Fig, 1,5 and 
1*6)* During the course of an examination the probe 

should be moved rather slowly so as to ensure that the 

entire uterine tract as well as the ovaries and their func¬ 
tional structures can be assessed* It is important to be 
aware that only a minor rotation of the probe results in 
a significant shift nr' the scanning plane in the depth of 

the field. A 30 decree rotation of the probe results in a 
5 cm movement of the scanning plane at a depth of 10 
cm* Fast probe movements and motility of the targeted 

organs can be additive with the result that important 
features are passed too quickly or even missed* 

Organs closely associated with the internal genii alia 
can be used as reference points to improve one s topo¬ 
graphical orientation* Very echoic arches in the left ab¬ 


domen, usually ventral to the left uterine horn, repre¬ 
sent t he sacculations of the left dorsal colon. The drastic 

change in impedance between the gut wall and the gas 

containing feces underneath it cause the total reflection 
of the ultrasound waves* The thin wall of the colon thus 

appears as a wavy structure of high echogenicity* The 
deeper areas are not reached by enough ultrasound 

waves and therefore remain almost totally dark, ITie 

bony pelvic floor also presents as a hypercchoic struc¬ 
ture (Fig* 1.2)* It is recognizable as anechoic line caudal 
and ventral to the uterus and the urinary bladder. 

In addition to transrectal ultrasonography* trans¬ 
cutaneous ultrasonography can be applied in mares* 
i he transcutaneous approach is less established for rou¬ 
tine gynecological diagnostics than the transrectal 
method. One valuable indication is the visualization of 
the fetus and its uterine environment during the second 

and third trimesters of pregnancy ( Ada ms-Brende- 

MUEHLand Pipers 1987). Since the hair on the abdomi¬ 
nal wall prevents the penetration of the ultrasound 
w f aves, the mare s ventral abdominal hair must be 
thoroughly dipped very well before performing the 
ultrasound examination. The majority of mares tolerate 
the transcutaneous examination less well than the trans- 
red al procedure* 
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Ultrasonography m she mare 


Fiji, 1,8: Schematic illustration ot the ul'i sonography of a 

fluid filled vesicle* A = oblique wave impact, b * perpendic¬ 
ular wave impact, c * tangential wave impact. D = hyper- 

echoic distal wall, L: ■ relative echo enhancement, S ■ shad- 

ow artifacts. 


F|g. 1-9:11 lirasonogram of an cstiuus fol licle in a mare analo¬ 
gous to the schematic re[>rcscntatioQ shown in Fig 1*8, C “ 
tangential wave 

a i lar reflection, E 

ow artifacts. 


hype redui ic 

relative echo enhancement S = shad 


distal wall with 
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liquely onto a perfectly level border surface they would 
all be deflected and no signals would be received 

(Hassler 1984). Bordering layers in the body are, how¬ 
ever, irregular and a varying number of sound waves are 
always reflected back to the transducer. Where the 

the follicular walls at a tan gem ; hey arc 
largely deflected (Fig 1.8 and L9(wiih hardly any echo 
signals reaching the probe from such sites. Very few' 
sound waves continue to progress in u straight line from 

these sites into deeper tissues. The vast bulk of the 

ultrasound energy is deflected laterally from here. The 
result is that narrow, sometimes slightly widening, echo 

shadows form below such areas of tangential sound 

wave impact 

Amplified echoes or brighter images arc seen behind 

ind 1.9), Ultrasound 

is much less attenuated by fluid than by other body tis¬ 
sues. When sound waves penetrate larger fluid bodies 

they reach the deeper lying tissues with more energy 
and cast a much more intense echo titan neighboring 

waves that followed a longer path through layers of tis¬ 
sue with more wave absorbency. Also tin its path back 
towards the transducer the reflected ultrasound penet¬ 
rating through fluid looses less energy and is absorbed 

to a lesser extent. This creates the impression of an 

echogenicity behind a fluid filled vesicle, the set called 

enhancement artifact ‘Hie width of the enhancement 
area is determined by the diameter of the fluid filled 

hi > i ly. Laterally, the field of echo enhancement is usualh 

demarcated by the narrow ultrasonic shadow's which 

originate from where the sound waves impact tangen¬ 
tially onto the lateral walls of the fluid body. 


in the mare 


1.2.1 Follicles 


i if follicles 


1.2.1.1 Sont^niphii 


waves 


Hie ultrasonic image of follicles exhibits features 

characteristic for fluid filled vesicles. 

Some of (he components of the image can be related 

to the presence of real morphological structures of the 

follicle (K \ns and UiiDL 1987 b), while some ultrasonic 

image patterns typical for follicles arc induced by phys¬ 
ical phenomena when ultrasound waves impact onto 

vesicles and > heir fluid contents. They are i hus seen as 

principal features which are referred to as artifacts. 

These image components which result from the inter¬ 
action between ultrasound waves and fluid filled ves¬ 
icles frequently do not reflect the presence of actual 
tissue components and should be viewed as artificial 

products. An understanding of their origin helps to 

avoid misinterpretations and permits proper conclu¬ 
sions about the nature of a vesicle. 

When ultrasound waves impact vertically onto a 
smooth reflection surface, some waves arc reflected 
back to the transducer and are depicted as an intense 
echo on the screen (Fig 1.8). 1 lie ccht 'ccnicity is strong¬ 
est where the ultrasound waves fall perpendicularly 

onto the front and back wails of the vesicle > Fig L9) 

which result in specular reflections. In the area where 
i he ultrasound waves fall obliquely onto the follicle wall 

a smaller amount of the energy is reflected, the remain* 
dcr being deflected away from the transducer and not 

received. At these sites the follicular wall is less echoic 

and thus darker. If the sound waves w f cre to fall ob* 


larger fluid filled vesicles (Fig 1.8 
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16 Ultrasonography in the mare 


Fig. 1.10: Ovary of an estrous mare with follicles of varying 

s. Four small round follicles and one large polygonal fol 
licit of estrus can he distinguished. 


1.11: Ovarian follicles of a mare. A small follicle is indent 


Fig. 


ing the wall of a larger csirous follicle. 
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The ultrasonic image of a follicle in cross section is 
seen as an aneehoic area on the monitor. The latter can 

be delineated by a narrow brighter line which follow's 

the outline of the follicle. Hie aneehoic nature of the 

follicle is caused by the lack of reflection of sound waves 

as they travel through the relatively cell free, dear loMi¬ 
ni tar fluid. Occasionally, and particularly in larger fol¬ 
licles, there w ill be dumps of reflexions visible close to 
the follicular ivall, The shape of follicles varies from 
circular to oval to irregularly polygonal to nearly angu¬ 
lar (Fig, 1 JO), These variations in shape arc the result 

of differences in pressure between neighboring folli¬ 
cles, corpora lutca or even the ovarian stroma itself 

(Ginther and Pierson 1984 a). When adjacent fol¬ 
licles are ol equal pressure their adjoining walls are 

often completely straight. In contrast, small follicles of 

high inner pressure may clearly bulge into the lumen of 

larger, softer follicles (Fig. 1.11). When the ovary 

contains numerous smalt, tense follicles its ultrasound 
image may resemble a honeycomb. 

The follicular wall is hypcrcchoic and thin. A narrow 
hypcrechoic line is often visible where the ultrasound 


waves impact vertically onto the front and back wails of 

the follicle (Fig. 1.9 and 1.10), Laterally to this line the 

echogenicity is reduced along the obliquely oriented 

walls. The echo intensity in this area is comparable to 

that of moderately dense tissue and is hardly distinguish¬ 
able from the surrounding stroma. In the region of tan- 
gential wave impact the follicular wall is usually not visi¬ 
ble, These areas are frequently marked by the origins of 
the shadow artifacts that begin here and stretch into the 

depth of the image. 

The echo enhancement of the tissues behind larger 

follicles is one of their typical features. The size o; this 
enhancement area is correlated with the size of the fol¬ 
licle. 


Using ultrasound at a frequency' of 3.5 MHz one can 

relatively reliably detect follicles that are 

size, but with ultrasound at 5.0 MHz follicles of 3 to 
5 mm are detectable with relative ease (Palmer and 

Driancourt 1980, GtNTHER and Pierson 1984 b). 


6 to 8 mm in 
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Fig. L12: Growth of t he estrous follicle and the second largest 
follicle during the preovulatory period in mares (mean * SD; 

adapted from WlLLet ak 1988) 


Fig. LI 3: Two estrous follicles in a mare s 
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double uvula (ion. Their diameters are between 35 and 37 mm. 
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Time before ovulation 

5 of cstruus follicles during the 

preovulatory period in mares (adapted from Will et al. 
1988 ), 


.15: Irregularly shaped cstrous follicle in a mare shortly 

before ovulation. Its largest diameter measures 53 mm (be¬ 
tween markings) 


Fig* 1 . 14 : Changes in shape 
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In many of the more mature pu ovulatory follicles 
one can see a change in shape during the days preceding 

ovulation (Will et al. 1988), The majority of dominant 

follicles are distinctly round 3 or more days before ovu¬ 
lation i Fig. 1.14)* During the days until ovulation the 

estrents follicle will change to a more oval or irre 

shape (Fig. LI5). On the day of ovulation only about 

one third of the estreats follicles will be round in shape* 

Apart from the palpable feature of follicular loum*. 
tency. the ultrasonic shape am) size of a follicle can be 
utilized to help predict the lime of an impending ovula¬ 
tion, Other parameters* such as the thickness of the fol¬ 
licular wall or the echogenicity of the follicular contents 


1*2.1 .2 Development of preovulatoiy follicles 


Approximately 192 hours before ovulation (Day -7; 
Day of ov ulation ■ Day 0 or Day (1 of the Cyde) domi¬ 
nant estrous follicles have a mean diameter of about 25 

mm (Fig. LIZi* '1hey then grow at 2 to 2.5 mm per day 

and reach their maximum diameter of 41 to 45 mm at 
24 to 48 hours before ovulation (Pii-kson and GHITHER 
1985 b* Will et uL 1988). In most cases no further 

growth occurs during the last 1 to 2 days before ovu¬ 
lation (Palmer and Driantouht 198(1), The diameter 

of the preovulatory follicle often remains static; some¬ 
times even a reduction in the diameter can be measured 
on the day of ovulation* 

At the time of ovulation of a single follicle it will 
usmjIK have a diameter of 40 mm or more. Only occa¬ 
sionally will follicles be smaller at the time of ovulation. 
I he upper limit of the size of normal ovulatory follicles 

lies between 55 and 58 mm* 

When double ovulations occur the diameter of the 


have been shown to he of little value* It the I 


licle shows an irregular shape* is at least < mm in size 

have stopped glowing 

occur very 

soon. Although sonography has contributed meaning¬ 
fully to the 

with reg.ini to the accuracy of such predictions must not 
be overestimated. When manual criteria are combined 

with those of ultrasonography it is possible to correctly 

predict about one third of the ovulations that will occur 

during the next Q to 12 hours ( Will el al. 1988)* 


and has 


possibly been shown to 


for some lime one should 


expect ovulation to 


prediction of the time 


of ovulation ils value 


smaller than ihi»se of 


preovulatory follicles may be 


* In these cases ovulation of 


follicles (Fig. L I 3) 


follicles with diameters of tween 35 and 40 mm are 


not uncommon. 
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Fig. LI 6: Collapsed follicle immediately after ovulation. The 

follicle still contains small amounts ol residual fluid (between 
the crosses). 


17: Collapsed follicle on t he day of ovulation showing a 


Hr. i 

broad echoic seam (arrows) in the area of the original follieu 

hr wall, The center contains anechoic fluid. 
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Follicles 


quantities of residual fluid* Whether the an echoic fluid 
in the lumen o the follicle consists of follicular fluid or 
blood, which accumulates inside the follicular lumen 
after ovulation, or a mixture of both* is unclear. 

in many cases immediately after ovulation a large 

echogenicity is detectable near the collapsed follicular 

wall and may fill the entire area of the original follicle 
(see also Chapter l * 


An ovulation can be recognized uhraxunically when 

a follicle that was still present a short time ago cannot be 
found at a subsequent examination. Ovulation itself 

usually only lakes seconds to minutes ( 1 \rnevale et at 

1988 b). The actual collapsing of the 

can only be demonstrated by chance if the mare is ex¬ 
amined very frequently (Fig* 1.16 and 1,17), The wall of 

to fold inwards, the follicular cavity 
is irregular in shape and sometimes contains small 


the follicle appears 
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Fifc UK; TmnsvagifUll sonographic puncture of an cslrtms 

lollide ol a mare fallowed hv die aspiration ol the follicular 
fluid. The puncture needle cun be seen between the mo guid¬ 
ing lines and readies iippra*imatch 3 cm into the follicular 

antrum. 


Fig. 1,19; Uli nisonognim depicting the morrhage (be 

■ ■ 

tween the dels) into a lb I tide 3 minutes after u puncture had 

been performed The real lime image dead) 1 showed luitni 

knees iarrow) inside the accumulated blood illustrating the 

inflow of more blood. 


* 




Fig. 1.2(1: C orpus hiteum | arrows) which developed at the site 

had been punctured 4 


of a li ilheL' ill .11 


days previously. 
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(Fig. 1.19), Within only a few minutes the fo!Iicuhir cav¬ 
ity filled with blood which exhibited intensive echoge¬ 
nicity, Within this hemorrhage* turbulences, indicative 
of the streaming of blood into the follicle, were seen on 
the real-time ultrasound image. The extent of hemor- 

w&s similar to that seen at the site of the future 

corpus luieum after [Spontaneous ovulations (see Chap¬ 
ter 1*2.2.2). Thus far no' disorders have been ohsuncJ 
in mares after follicle puncture* 

VS icrc the puncture site was examined ullrasonically 
during the next few days, the formation of a structure 
not unlike [fiat of a corpus lutcum could be observed 
(Fig* 1*20). A single puncture of a follicle shortly before 
its anticipated ovulation did not affect the development 
of a normal corpus luieum thereafter t C arm y m e c! 

al. 1988 a). In some mares whose follicles were punctu¬ 
red, lower plasma progesterone concentrations were 

measured during the first 3 to 5 days after punc¬ 
ture than in mares that ovulated without interference. 
This difference in progesterone secretion was, however, 

not evident after Day 8 of the cycle* Cycle length and 

the ensuing estrus of mares were not a! reeled by follicle 
puncture* 


1*2,1*3 Transvagiual sonographic 

puncture of foil ides 


Transvaginal follicle punctures can be used to collect 
fluid from preovulatory follicles or to attempt 
collection of oocytes* The same instrumentation that 

was designed for mmsvagiiuil concept us punctures was 
applied for this purpose (see Chapter 1.3*2.6) using a 
similar technique. r l“he automated puncture device* cov¬ 
ered by a protective plastic sleeve, was introduced into 
the anterior vagina where it was gently pushed against 

wall. Using a rectally introduced hand, the 

ovary was then brought towsmls the tip of the ultra¬ 
sound probe* When it was evident on the monitor that 

the follicle was aligned in the direction of and for the 

an reel depth of the puncture needle the automatic 


puncture device could be triggered (Fig, 1*18)* 


Using thus technique it was possible to aspirate 
cular fluid* Using a double barreled needle it was poss¬ 
ible to continuously flush a follicle; with a single bar¬ 
reled needle follicles could be filled and the flushing 
fluid aspirated repeatedly. 

Immediately after a follicle had been punctured it 
was evident that intrafollkular hemorrhage occurred 
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Corpora lutea 25 


cases, sometimes even cubical. It is often narrower near 

its center, resulting in a pear shape* Frequently* vesicles 

which lie adjacent to the corpus luteum are the cause of 

these indentations to the outline of the corpus luteum* 

When 5 MHz scanners are used corpora lutca arc 
relatively reliably detectable from their formation until 
middicstms around Day 12 of [he cycle jjPn RSON and 

Ginther 1985 a)* Thereafter they become less distinct* 

At the time of luteolysiv approximately 14 to 
after ovulation, they are 
instances. Only rarely can the regressing corpus luteum 

be identified with certainty at the time of the following 
ovulation or even a few days later (Gesther and Pier¬ 
son 1984 b)* By this time it will have become signif¬ 
icantly smaller (Fig. 1*22 and L23)* 


1.2.2 Corpora lutea 


1.2.2.1 Sonographic images 
of corpora lutea 

Useful ultrasonic features in identifying a corpus 
luteum arc its characteristic echogenicity, its size and 
shape, as well as a thin hvpoechoic border zone which 
separates it from the surrounding ovarian parenchyma 
(Fig* 1.21), On ultrasound, Luteal tissue shows up in 
varying gray tones which are tvpicaJ of the reflections 
received from loose, moderately dense tissue* The sur* 

rounding ovarian parenchyma is more echogcmc, due 

to its higher density and it contains mans an echoic fol¬ 
licles* The shape of a corpus luteum is irregular in many 


16 days 
still detectable in many 
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Intense echogenicity (arrow's) at the site of the cst 
n>us follicle one day after ovulation, The bright echogenicity is 
caused by the hemorrhage into the follicular antrum afterovu 

I at ion + 


Fig* 1.25: Sectioned ovary 3 days after ovulation showing 
young corpus luteum in Us center 


M 


L 


4 


r 


asciteno qradivo 



















































WWW 


Corpora lutea 


27 


former follicles can also be seen after iatmgenically 
induced hemorrhages during follicular punctures see 

Chapter L2.L3 and PIG. LI9). 

The hemorrhagic area of young corpora lutea re¬ 
mains very echoic for the first 3 to 4 clays following ovu¬ 
lation (Palmer and Driancourt 1980). This hyper- 

echogcniciEv is only detectable for a short time after 

ovulation, because with the Increasing proliferation of 
luteal cells in the area of the blood clot it becomes less 
echoic. This process o! luteinization usually progresses 
so rapidly, that large areas of the blood dot are taken 
over by lutea] tissue (Fig. L25). 


2.2 Development of corpora lutea during 

the cstrous cycle and in early pregnancy 

The site ol i tic development of a cob pus luteuni can 
already be recognized by its intense ultrasonic echogen¬ 
icity within the first 24 hours after ovulation (Fig. 1.24). 

In some cases this site can even be detected within 

minutes after ovulation 'Ginther and Pierson 1984 a, 
Kahn and Leidi 1987 b). These intense reflections 

originate from the hemorrhage into the follicular lumen 
which occurs after ovulation (An i N et al. 1987), The 

development of such hypercchoic areas at the sites of 
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Two kinds of corpora lutea can be distinguished 

during the diestrus in mares 

and hemorrhagic corpora lutea (Pierson and Ginther 
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when viewed by ultrasonography (Fig. L26), The entire 

compact corpus luteum seems 

equal echogenicity throughout, They retain the same 

echogenicity for the duration of diestrus 

The second form of corpora lutea, the corpus hem 

orrhagicum, consists of two 
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30 LI \ 1 a >^raphy in the mare 


Fig, 1,29; Corpus lutcum of pregnancy (arrows) in a mare on 
Day t7 of gestation, The corpus luieum is surrounded by sev¬ 
eral follicles. 


Fig. I JO: Two corpora futca (arrow's) on the ov ary of a marc 

on Day 25 of gestation, Below (he corpora lutca Iks a follicle. 


I k- Ul: Corpus hcmorrhagicum (arrows) in a marc on Day 


Mg, 1J2; Two corpora lutea (a 


mare on Day 1 lb of 


53 of gestation. 


gesta (ioi i. 
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Once conception has occurred the primary corpus 

luteum of preen; mey remains detectable during the 
course of early gestation (Fig* 1.29)* The same two 

forms of corpora lutca that are seen in diestrus can be 

found during the first two weeks of pregnancy. When 

the coi pus luteum of pregnancy reaches a few r weeks of 
age it usually has the same homogenous echogenicity' as 
is typical of the solid corpus luteum of the cycle* 

After a double ovulation has taken place, both cor* 
ra lutca can be depicted. Also in the case of an early 
twin pregnancy it is possible lo depict both corpora lu- 

tea (Fig* I *30). 


Also the accessory corpora lutca of pregnancy which 

develop between Day^s 40 and 60 of gestation can be 

demonstrated by ultrasonography. Among these acces¬ 
sory corpora lutea of pregnancy' are some that have the 
same appearance as the corpora hemorrhagica which 
occur during the nonpregnant cycle (Mg. 1,27 v In the 
beginning these show a narrow peripheral edge which 
surrounds the trabecular hypocchoic central area (Fig. 

1.31)* During the further course of pregnancy the cen¬ 
tral, less echoic area becomes smaller while the hyper- 
cchoic luteinized wall grows thicker (Fig. 1.32), 
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32 Utimsonography in the mart 


Fig. U3: Anovulatory, luteinizing follicle (between the cros¬ 
ses) with a network of internal echoes am) a thin luteinized 

wall (arrows), I he size of the follicle was 87 x 81 mm and the 

plasma progesterone concentration in the marc was 5.1 ng/ml. 


Fig. 134: Anovulatory, luteinizing follreic (umiws) from Fig. 

1,33 seven days later. The luteinized peripheral area sur* 
rounding the hypoechotc center has b e com e substantially 
wider. The plasma progesterone concentration of the marc 
was 7,6 ng/ml 
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1.2.3 Anovulatory luteinized follicles 


wider • I ig. 1.341 The further development 
structures resemble that normally seen in hemorrhagic 

corpora lutea during the course or diestrus. The lutein¬ 
ized wa1 that surrounds the hemorrhagic center be¬ 
comes wider white the central, hypncdiokr area shrinks. 

Some of the anovulatory follicles therefore seem to lute¬ 
inize to develop into structures similar to corpora lutea. 

This observation is supported by the plasma pn>- 

gest crone concentrations in these mares. In some indi¬ 
vidual cases it has been possible to demonstrate rising 
plasma progesterone concentrations at the time when 

the first hvpercchoic foci appeared in the follicle. 
During the course of the development of the luteinized 
structure the plasma progesterone concent rat ions 

reached the expected levels and the ensuing estrus 

occurred at the normal time. 

Similar pictures as have been described for anovula¬ 
tory, luteinizing follicles during the estruus cycle could 

also be seen dur trig early pregnancy (F®. 1JI). At 4(1 to 

5(1 days of gestation, at the time w hen the development 
of accessory corpora lutea can be expected, large ves¬ 
icles which contained floccular echoes were found on 
the ovaries o: mares. The litmina of these vesicles then 
fillctl up with tissue that showed the characteristic sono¬ 
graphic features of corpora lutea. It could ilius be as¬ 
sumed that these structures were, in fact, accessory 
corpora lutea. 


Occasionally during an estrus a vesicle will develop 

into a dominant follicle, but will not ovulate. Such ano¬ 
vulatory follicles sometimes have tire same size as that 

of normal, mature preovulatory follicles (Wtu. et al. 

1988). Often they grow to larger diameters of b to llfl 

centimeters, and rarely even larger. Some of these ano¬ 
vulatory follicles seem to develop into hemorrhagic fol¬ 
licles, where its others show clear signs of lutcinization 

(Souirhs ct aL 1988. LttDLand Kahn 1989). 

During estrus. the sonographic appearance of ano¬ 
vulatory foil ides correlates well with that of norma! fol¬ 
licles, In those follicles that will later develop signs of 
hitcimzation, reflections will appear with increasing fre¬ 
quency at a lime shortly after ovulation would have 

normally taken place (Fig 1.33). These traverse the 
hypoechoie follicular lumen in the form of flocculation 

and/or networks of hyperecho ic reflections. These 
echoes may originate from the MonJy follicular con¬ 
tents such its occurs in hemorrhagic follicles or they may 
represent the onset of lutdnizaiion. At the time when 

the follicular contents starts to show this echogenicity 
the mare's behavioral estrus usually ends. 

After the scattered inner echoes fiisi become visible 
inside an anovulatory luteinizing follicle (he narrow, 
hypcrcchoic wall will progressively become wider and 
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34 Ultrasonography in the mart 


Fig-1.35; Anovulatory follicular hematoma in a mare, Within 

the follicular lumen the snowy echogenicity caused by bailor 

rhugc is evident. 


Mg. 136: Ovarian hematoma in a marc. Hie hematoma had 

diameter of 20 cm and weighed 3,K kg. 
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1,2.4 Follicular and ovarian hematomas 


of reflections ihat typically develops in the lumen of a 

luteinizing, anovulatory follicle fails to develop in this 

type of anovulatory- follicle* In most follicular hema¬ 
tomas the initially hypoechoic lumen will only develop 

regularly scattered floccular reflections at a later stage. 
These can become more prominent as time passes* 
Only rarely ^ ill a few echoic lines become evident inside 
the follicular lumen* They are interpreted as being 

limits inside the hematoma as the latter is 

becoming more organized. 

The diameters of ano\ ulatory follicles which develop 

into follicular hematomas are occasionally only a little 
; i jut than those of mature preovulatory follicles. Folli¬ 
cular hematomas sometimes expand considerably even 

after the end of estrus. 

In rare cases ovarian hematomas with a diameter 

of 20 cm and more and a weight of several kilograms 

are encountered i Fig, 1.36)* On ultrasound such hema¬ 
tomas can appear as cystic structures with evenly 
scattered snow-like echoes in their lumina* 


In addition to the luteinizing, unowdatoiy follicles 
described above, there are also anovulatory follicles 

which develop into hemorrhagic follicles or follicular 
hematomas (Squires et al, 1988, i udl and KAhn 

1989)* In the case of the anovulatory, hemorrhagic fol¬ 
licles the hemorrhage takes placebyiiii pedes is into the 
follicular lumen* In this type of anovulatory follicle no 

ultrasonicaily apparent luteinization occurs in the 

follicular walk When only the follicle fills with blood it is 

referred to as a hemorrhagic follicle or a follicular 
hematoma* Where the surrounding ovarian tissue is 

largely atrophic and the hematoma encompasses vir¬ 
tually the entire ovary it is called a ovarian hematoma* 

Ultrasonicaily, follicular hematomas do not show a 

widening, hyperecho ic edge indicative o:t progressive lu¬ 
teinization i Fig, 1,35)* Intend, the wall of these anovu¬ 
latory ves i cle remains hyperechoie and thin and appears 

to remain unchanged for a long period of time, even 
ncyond (he end of a particular estrous period* The mesh 
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log. IJ7: Granulosa ce II minor in n mare. Hie tumor consists 
of numerous cystic structures. 


Fig. UN: Sectioned ovary with the granulosa cel! tumor from 

Fig. 1 31 after ovariectomy of the mare. 


i k\ .4(It Sectioned ovaiy wi t in grami iosy cell tumor 1 mm Fig. 
1 39. The cut surface has a solid, waxy appearance. 


Fig. U9: Homogeneously echoic granulosa ccfl tumor. Nar¬ 
row echo shadow's originate from small loci of mineralization 

in the tumor tissue. Ultrasonogram taken in a watcibath. 
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1.2.5 Ovarian tumors and cysts 


the tumor consists of numerous smalt tightly packed 

vesicles (Fig. 137 and 138). On crosssectional irn^c 
of GC tumors the proportion taken up by vesicular 

structures is mostly greater than that occupied by solid 
tumor tissue. 

Apart from the multicystic granulosa cell tumors 
there are also those ihai are virtually solid on cross 

section r Rg. 139 and 1.40), Their ultrasonogram 

depict a relatively homogenous image free of hvpo- 
cchoie vesicles. In some tumors there were areas of 


The ultrasonic images of ovarian neoplasms can vary 

considerably. Among the most commonly encountered 
granulosa cell tumors the predominant form is charac¬ 
terized by a multicystic partitioning of the tumor 

(White and Allen 1985, KAHN and LfctDL 1987 b, 

Leidl and Kahn 1989). More vesicular structures can 

usually be counted in such tumors than would be expec¬ 
ted in normal, intact ovaries. On a normal ovary 5 to 1 
follicles with a diameter of more than 10 mm each will 

be found during an esirnus cycle (Pier* 
son and Ginthlr 1987). In cases of ultrasonically ex¬ 
amined granulosa cell tumors and in excised specimens 
many more cystic structures were found. In single ova¬ 
ries 50 to 60 cystic structures were identified. 

The diameters of individual vesicles in granulosa cell 

tumors vary from a few millimeters to several centime¬ 
ters, A normal ovary is characterized by the presence of 

many follicles of differing sizes in the same organ. it is 

rare to find more than 2 to 3 follicles with a diameter of 
30 to 50 mm on a normal ovary, the majority of visible 
follicles ranging in size between 5 and 20 mm. The ul¬ 
trasonic images of granulosa cell tumors usually differ 

from this pattern P Sometimes single, extremely large 

vesicles are seen within a tumor or the entire image of 




hyperechogenicity which were interpreted as areas 
of mineralized tumor tissue, which produced sound 

shadows beyond these foci. 

Ovarian tumors consisting of a single large vesicle 

with moderately echoic contents have also been found. 

Their walls showed histopathological changes consistent 

with those seen in granulosa cell tumors. 


The taking of accurate measurements of an ovary is 

an important application of ultrasonography during the 

examination of ovarian neoplasms. Measurements of 

the ovary taken at regular time intervals make it pos¬ 
sible to 


calculate the growth rate of the tumor, and to 


confirm the diagnosis. In addition, knowledge of the 
ovary's exact size aid in the decision whei her the ovari¬ 
ectomy should be performed by laparotomy or trans- 
■v .Lginally. 
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Cystadonomas arc much less frequently encountered 

ovarian neoplasms in the marc than granulosa cell tu 

mors. In ihe cystade nomas examined ultrasomcally thus 

far, the tumor tissue varied in echogenicity and con¬ 
tained numerous cystic structures (Fig. 1.41 and 1.42). 
i he vesicles with hypocdioic contents measured only a 
few millimeters in diameter. 

Ovarian cysts occur only very rarely in mares. The ul 

irasonic image of macrocystic ovarian degeneration fca 

lures a few, very large cystic structures {LerDL and 
Kahn 1989), The cyst walls were echoic and remarkab¬ 
ly thin (Fig, 1,43 to 1,46)* The cysts were polygonal in 


cross sections. The ultrasonograms showed hardly any 
islands of ovarian parenchyma between the cystic struc 

Mires, The diagnoses of macrocyst ic ovarian dcgcncra 

tion were based on hbtopatho logical examinations of 
the organ after ovariectomy 

Ultimately, it can be stated that the ultrasonic ap* 
pea ranee of ov arian tumors and cysts can vaiy consider 

ably. An accurate diagnosis of the ovarian changes 

based on ultrasonography alone, is not possible in every 
case. In many instances* however, ultrasonography com - 
tributes meaningfully to the establishment of a correct 

i ; . a [H:utic conclusion. 
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Ft". 1.45: Macrncystic ovarian degeneration in a mare. Mul* 
tiplc, thin walled cysts with ancchoic contents are present on 
the ovary 


1.46; Macrocystic degeneration and acrophyof the func¬ 
tional ovarian tissue in the sectioned ovary from Fig. 1.45. 
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40 UiiFasmixmmy in the mare 


Fig, L4H: Cross section through uterine horn during csmis. 

Due to the endometrial edema alternating areas of hypo- 
echoic and more echoic tissues 

typical spoke-wheel appearance of the uterine horn during 
cstnts. Arrows indicate the transition from myo- to endo¬ 
metrium. 


Fig, 147 
mare in 

rows) ami the transition from myometrium to endometrium 

(small arrows) can he seen 
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Fig, 1.51): Extensive edema of the endometrial folds during 
estrus. The endometrial folds with their echoic base, hypo- 


Ffg. 1.49: i ‘romineni spoke-wheel pattern of the uterus during 

uterus 
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distinction between areas of differing echogenicity can 

be observed in the transverse view of the uterus of many 
mares (Tig, 1,48 to l.50)The ring like structure in the 

area between endo* and myometrium which lies con¬ 
centrically oriented to liic outer, peritoneal wall of the 
uterus is now very prominent. From this zone hvpo- 
cchoic stripes run towards the center of the lumen 
where they meet to form a star (spoke-wheel) pattern, 

Hyperechoie segments lie between these areas of low 

echogenicity. This pattern is caused by the endometrial 

folds which bulge towards the center of the uterine 
lumen and consist of an echoic base, the hypoechoic, 
strongly edematous adluminal part anti the hyperechoie 

luminal epithelium, I his wagon wheel pattern of the 
uterus is typical of cstrus and ean dearly be seen in 

about 50% of all cstrous marcs ( hnthek and Pierson 

1984 c). It is associated with the estrogemsation during 
cstrus and becomes apparent 6 to 10 days before ovula¬ 
tion (Hayes et al, 1985), The pattern is best developed 

about 1 to 4 days before ovulation and then gradually 

and progressively weakens until it disappears 2 to 6 days 

after ovulation. 


i .3 ( terine structures in the 

1.3.1 Non-pregnant uterus 


A sagittal cross section of a physiologic, nonpregnant 
uterine horn is sonographically seen as round to oval 
image (Fig, 1,47 to 1,49), The uterine wall appears as a 
gray structure of moderate echogenicity. The peritoneal 

border of the uterus can be seen as a thin, hypoechoic 
line. Concentrically positioned to this line, another line 

can occasionally be identified in the middle of the utcr* 

inc wall (KAHN and Loop 1985), This hypoechoic zone 

represents the transition from endometrium to myo¬ 
metrium (Fig, 1.47 and 1.48), In the center of the uterus 

a small area of high echogenicity can sometimes be 
found. It is caused by reflections from the echoic surface 

of opposing layers of the endometrium which lie inclose 

apposition in the empty uterus and project as an echoic 
spot when seen in cross section or as anechoic line when 

viewed longitudinally (Fig 1,6), 

The structure of the uterine wall is homogenous dur¬ 
ing ancstrus and diestrus (Fig, l,47). A distinct layering 
cannot be recognized. Around the lime of estrus a dear 
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1-51? Uterus (arrows) of a mure immediately after mat 
i ml- I he uterine lumen coma ins hyptxuioie semen which is 
speckled with floccular reflections. 


Fig. 1*52: LTterns on Day 9 of pregnancy (Day 0 = Day of ovu 
laibn). Tlie ancchoic, embryonic vesicle has a diameter of 4 to 
5 mm and lies centra I iv in the hom (arrows) 
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t 133: Conccptus on Day 11 of pregnancy. The ancchoic Fig. 1*54: Concept us on Day 14 of pregnancy. The spherical 

: embryonic vesicle lies centrally in the uterine hom and meas¬ 

ures 15 mm in diameter 
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Larger fluid accumulations of a physiological origin 

will not be found in the nonpregnant uterus. Sono- 

gruphically evident secretions in the lumen of the dies- 
trous uterus can lie seen as a indication of endometritis 


few days, between Days 9 and ! 3 of pregnancy (Day 0 = 

Day of ovulation or last day of service). When using 

high resolution ultrasonography with a frequency of 5 

MHz, 3 to 5 mm large conceptuses can be detected as 
early as on Day 9 of gestation. On Day 10 the blastocyst 

measures 4 to 7 mm and will be detectable in as many as 

about 70% of the mares (Ginther 1986), On the Day 
11 it reaches 6 to 9 mm and will be visible in nearly all 

mares (Fig. 1.53 and 1.55)* Around Day 12 the concep¬ 
ts has a diameter of 10 to 12 mm and can now be de¬ 
tected even with scanners of lesser rcsolui ion using 3 to 

3.5 MHz frequencies (Ginther 1983 b). 


i, v jams ei al. 1987, Squires et aL 1988). During cstrus 

small amounts of free fluid may be seen as physiologic, 

but larger ones as pathologic (Fig. 1,50). Immediately 

iter mating, the ejaculate can be seen in the uterine lu¬ 
men, (GlNTHER and Pierson 1984 c), Mares whose uter- 

3 

ine lumina were initially closed, show fluid accumula¬ 
tions containing scattered echoes after service (Fig 

1.51). 


The uterine cervix is depicted relatively poorly. Its ul 

trasonic image is more echoic during diestrus and preg 
nancy and is therefore easier to recognize i h;m in cstrus 


13,2.2 Day 14 to 20 of pregnancy 


By Day 14 the embryonic vesicle has a diameter of 

(Fig. 1.54 and 1.55), The embryonic vesicle 

is now F targe enough to make accurate and reliable posi- 

negative diagnoses under field condition 

of general veterinary practice, provided 5 MHz ultra¬ 
sonography is used (Kahn and Leidl 1984). Using ultra¬ 
sound of lower frequency, this date may be postponed 

by a few days (Ciilvalier and Palmer 1982). The 
shape of the embryonic vesicle is spherical and the 

embryo proper is not yet visible. 


14 to 19 mm 


1.3.2 Pregnant uterus 

1.3.2.1 Day 9 to 13 of pregnancy 


live as well as 


The young conccptus first becomes visible when it 
forms a fluid filled vesicle, large enough to be rccog- 
nized as a round, anechoic sphere on the ultrasound 
monitor i Fig. 1.52). Depending upon the quality of the 
scanner, this is first possible* wii h a variation of only a 
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i ig. 1*56: Pregnancy on Day 16. Hie embryonic veside has an 

x 20 mm 

2 crosses below the vesicle. 


: Pregnancy on Day 1H, The embryonic vesicle, lo 

in the uterine hum (arrows), is pear shaped. 
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iralateral ham. Increases in uterine (one and size of the 


The emhryonic vesicle prows at an average rate of 3 
to 4 mm per day during the second week of gestation 
until the beginning of the third week to reach a diame¬ 
ter of 20 to 25 mm by Day 16 (Fig. 1 .55). After this date 
the growth curve flattens considerably* The diameter of 

the conceptus appears to increase only marginally and 

seems to rest on a phteau between the 17th and 25th 
days of pregnancy (Palmer and Driancourt 1980, 
Valon et aL 1982, Ginthlu 1983 h) + Breed related 

differences in the size of embryonic vesicles are negli¬ 
gible during the first three weeks of pregnancy* Even 
the growth curves of pony and large horse breed 
embryos are vinually identical (Ginther 1986)* 


conceptus seem to be the cause for the cessation of con¬ 
ceptus mobility, The preferred site of implantation lies 
just next to the bifurcation in one of the uterine horns. 


In the horse the early conceptus has a strictly spheri 

thereafter first be 


cal shape until i )ay 15 of gestation 


coming ovoid until day 17 and* between Days 18 and 

21 it is usually pear shaped, after which it assumes an 

irregular shape (Fig* 1 *56 to 1.59)* 

From die time the conceptus is first detected until 

I>av 18 the uterine wall Ls Id to 15 mm thick* It becomes 


thinner over the next few weeks and ranges from 5 to 10 
mm. Initially, the uterine wall Ls of uniform thickness 
around the entire conceptus 
Day 18 to 20 on its thickness decreases* particularly verv 
trally to the conceptus (Fig. 1 *58)* 

There arc numerous criteria winch can be used to 

differentiate the early embryonic vesicle from patho¬ 
logical conditions such us endometrial cysts, the secre¬ 
tions in cases of endometritis or embryonic death. At 

- = i " ’• ' , s ,a, 1 . , v iu . • - |. -T. K -1- ■ . r # 

this stage the intact conceptus is a round spherical ves¬ 
icle clearly visible and contrasted against the echoic uter¬ 
ine wall* There are no reflections inside the vesicle so 
(hat its fluid contents appear black* I f the pmhc is 

across the vesicle the increasing and decreasing 

diameter reveals the spherical shape of the conceptus* 
At the front and back sections of the conceptus* w iierc 
the sound waves impact vertically onto the walk a short 

hyperechoic line can be seen (C hevalier and Palmer 
1982). These bright lines are the result of the specular 

reflections of the ultrasound waves from the wall of 
[lie tense embrvonic vesicle and should not be mis- 

interpreted us the embryonic disc (Fig* 1,53)* 

!n veterinary practice there exists concern about the 
optimal time for early sonogt 
tion* For several reasons the time from Days 15 to 18 
can be considered most appropriate* At thi 
no longer difficult lo demonstrate the early embryonic 
vesicle* Not only are twin pregnancies easy to recognize 
at this lime period but it is quite 
intervention where indicated* In case of detection of 
non-pregnancy the ultrasound examination can be used 
to assess follicular development, because the following 
estrus should be imminent* 

Once an early pregnancy has been diagnosed in a 
marc during the first few weeks of gestation, it is useful 
to reexamine the mare at about Day 30 of pregnancy so 

that a possible early embryonic death can be detected* 


(Fig* 1*52 and 1*54); from 


the horse is its em 


A remarkable phenomenon in 

biyonic mobility which can be observed by ultrasono 

graphv from the time the conceptus first becomes visi 


ble until Day 17 of gestation (Ginther 1983 a). The 

conceptus moves from one horn to the other, and 

through the uterine body several times every day and 

may be found in different positions wilhm the Uterus 

during successive examinations (Ginther 1984a), This 

movement of the embryo can sometimes even be ob¬ 
served if a mare is scanned continuously fora number of 


minutes* The mobility' is particularly strong from Day 11 
to 14 and comes to a halt on Days 15 to 17* It has been 
shown through frequent examinations in 5 minute inter¬ 
vals that the embryo moved from one horn to the other 
or into the uterine body an average of 7 limes within 

hours during the period of maximal embryonic mobility 

between Days 11 and 14 (Leith and Ginther 1984)* 

From Days 9 to 11 the embry o w r as found in the uterine 

dy in 60 % of the cases, 1 n mi Day 12 to 14 in 30 % of 
cases and ihcrealtcr only rarely, f lie positional changes 
of the conceptus appear to be caused by contractions of 

the uterine wall and can be controlled by iiie conceptus 

itself (GINTHER 1984 b* Lei m and Ginther 1985). The 
careful sonographic examination ol the corpus uteri 
during this stage of early pregnancy' is of particular 

diagnostic importance. Due to its intense mobility the 

concepuis frequently ]j es in the uterine body* If only the 
uterine horns are scanned by ultrasound the further 
caudally positioned conceptus may remain undetected 

inside the uterine hody* litis is one of the most common 

reasons for not detect mg or overlooking a conceptus or 

twin pregnancy. ! he ini ru-uterine positional changes of 
the equine conceptus can lead to, among other things. 

implantation not only in the horn ipsilateral to 
kiting ovary* but* in about half the cases, in the con 
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Fig. 1,59: Pregnancy on Day 21. The cmbiyonic vesicle is if 

shape. The embryo (E) lies on ihe floor of the 


F|g. 158: Pregnancy on Day 20. The shape of the embryonic 
vesicle is triangular. The embryo (E) can be seen 
of the vesicle. Below' the vesicle the uterine wall is relatively 


at the fltx>r regular in 


vesicle 






Fig. 1.60: Ultrasound image of the rubber ball 
looued catheter within the uterus. In order to simulate an 

filled with 20 ml water and 

then depicted by ultrasonography. The catheter (arrow) is 

shown in cross section a (the center of the balloon. 
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Hy r his lime the majority of embryonic deaths will have 

will be in progress (Ointhlr 1985, 
Wfxrns ct aL 1985), The successful induction of an¬ 
other estnis is still possible and valuable time will not be 
wasted. Since embryonic deaths can also occur after 
Day 30 of gestation another examination is recom¬ 
mended between I)ays 50 and 60 so ihat all embryonic 
losses can be detected. 

In the context of early pregnane}' diagnoses, a train¬ 
ing method [or the detection of early pregnancies by 
ultrasonograph) should he mentioned. In the absence 
of a suitable t: dining mare, a w ater filled rubber balloon 
can be introduced into the uterus to simulate an early 
pregnancy (Fig. L60), A ballooned catheter (e,g> holey 
catheter) which is introduced through the cervix into 


the uterus is suitable for this purpose. Once the tip of 

the catheter is positioned inside a uterine horn the in¬ 
sufflation channel is used to fill the cuff with liquid 
making sure not to include any air in the fluid. In this 

manner the injection of 5 or 15 ml water into the cuff 
will result in a balloon diameter of 20 or 30 mm. These 


taken place or 


diameters would be equivalent to the sizes of an em¬ 
bryonic vesicle on Days 15 or Days 25 to 30. For train- 

uses a balloon introduced in this manner can 


mg pui- 

ium be sought using ultrasonography and then depicted 

on the monitor. Several features of the image of such a 

similar to those of an early concept us. After 
the training examination the balloon can be emptied 
and removed without problems. 
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lictoderm 


Yolk sac 


Lndoderm 


Allantoic sac 

Fig. 1.61: Schematic presentation of a Day 30 embryonic 

vesicle in the horse. Due to shrinkage of the yolk sac and the 
filling of the allantois the embryo ascends from the door and 

rises within the vesicle (adapted from Gls i 3 ii k 1986) 


Mesoderm 




Fig, 1,62: Pregnancy on Day 27. The “ascent" of tine embryo 

(arrow) has begun. Hie vent rally positioned all an lots starts to 
fill up. 
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Fig. 1.63: Pregnancy on Day 29, The embryo is suspended in 

the center of the embryonic vesicle. The apportioned mem 
branes of the yolk sac (Y) and the allantoic sac (A) form 

hype i echoic structure which extends from the embiyo towards 

the lateral waits of the vesicle 


i ig, 1,64: Pregnancy on Day 30, The embryo is suspended in 
the u ppe r pt>rtion of the vesicle. 
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by Day 31) in the center (Fig, t *63) and by Day 33 in the 

top third of the vesicle (Fig, K64 and 1.65) t 

about 5 mm long (G in¬ 
ti n.R \ 986). It grows by about l mm per day to reach 1 

mm by Day 30* 17 mm by Day 35 and 22 mm by about 

Day 40. 

The embryos heart boa* cun be detected around day 

embryo can be first 


1 323 Day 21 to 40 of pregnancy' 


On about Day 21 the embryo is detectable for the 

first time near the floor of the vesicle (GlNTHER 1983 b, 

Kahn and Leidl 1984). Il is initially visible as a hyper* 
echoic spot on the floor of the embryonic vesicle and 
not yet separated from the endometrium (Fig. 1.58 and 

1*59)* 


On Day 25 the embryo is 




a few Jays after Ihe 


26 which is only 

detected. The heart beat is an important criterion 

the assessment of embryonic viability and for the exclu¬ 
sion of a pathological pregnancy. 

After the suspended growth period of the conceptus 

from Day 19 until Day 25 there is a renewed growth 

(Fig. 1.55)* The growth rate until Day 50 of gestation is 

about 2 mm per day. From the fourth week of gestation 


From Day 21 to 40 the embryo follows a character¬ 
istic ascent within its vesicle (Vauon et al. 1982), Ven¬ 
tral to the embryo the allantois starts to fill up* lifting the 
embryo (Fig. 1.61 to 1.66). While the yolk sac above the 
embryo initially occupied the bulk of the early conccp- 

lus it now shrinks over the next few davs. The ratio be¬ 


tween the sizes of the two embry onic structures gradu¬ 
ally moves in favor of the allantois until the yolk sac has 
virtually disappeared I\v Day 40. The embryo appears to 

be suspended by the hyperechoic membrane formed by 
allantois and yolk sac and floats inside the anechoic em¬ 
bryonic fluid. The majority of embryos commence their 

ascent between Days 

suspended in the bottom third of the vesicle (Fig 1.62) 


a difference in the growth rate between fetuses of differ¬ 
ent breeds becomes evident; hence the diameter of the 

embryonic vesicle of heavy draught horses l>e tween 

and 40 of gestation will be 1 to 4 mm larger 
than that observed in lighter horse breeds (Chevalier 

and Palmer 1982). 


22 and 25. On Day 27 they are still 
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Fig. 1*65: Pregnancy on Day 32, The embrro floats in the up 


66: Pregnancy on 


Day 35. I lie embryo is suspended 


very high in the embryonic vesicle. The voJk sac has al most dis¬ 
appeared. 


per third of the embryonic vesicle f he yolk sac (Y) has re 
ceded considerably. The allantoic sac ( A) is expanding. 
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Pregnancy on Day 40. ! lie embryo (arrow) de 

scends back towards the Boor i>f the vesicle while it hangs 

from ihe umbilical cord which still shows remnants of the yolk 


Fig, 1.68: Pregnancy on Day 37, The embryonic vesicle Ls dis¬ 
oriented I he allantoic sac (A) lies at the top and the yolk sac 
(Y) at the bottom. \n this mare the "ascent" of the embryo 

within its vevk \c was from ihe top to the bottom. 


Fig, 1.67 
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Around Day 40 the embryo reaches its highest post 

lion within the embryonic vesicle \ i ; ig, 1.66 and LG7 ), 


don between Days 16 and 20* This also leads to the cm 
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from top to bottom within the vesicle (Fig, 1.68). It is as 

sumed that this kind of disorientation of the embryo is a 
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pregnancy on Day 22.I >uc to the unfavorable 

membrane 


Fig. 1-73: Twin pregnancy tin 

vesicle seems to be visible. In relation 10 the last service date 


14. Only one embryonic 


Fig, L74: Single 

positioning of the uldosoiiiid probe the common 
of allantois and yolk sac (arrow) Ls depicted without the cm 

hryo. A misinterpretation as a twin pregnancy is possible 
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IT the first examination is performed sifter Day 20 the 

ascent of the embryo with the development of its char¬ 
acteristic septum across the middle ol the vesicle will 

have already started. This membrane which is formed 
jointly by allantois and yolk sac can lead to the mis¬ 
interpretation of a singleton embryo as a twin (Fig. 
1*74). Equally, a twin with doscly appositioned mem¬ 
branes of the two vesicles which are misinterpreted as 
being the allantois yolk sac membrane of a singleton is 
possible* The hypcrcchoic line formed by the apposition 

of two chorionic membranes usually runs straight and in 
a vertical direction* whereas the allantois yolk sac mem¬ 
brane commonly lies horizontally (Simpson ct al, 1982). 

source of error is the examiner being 
satisfied with the detection of one embryonic vesicle 

and neglects to examine the remaining sections of the 

uterus for another vesicle. During the phase of em¬ 
bryonic mobility until l Jay 16 of gestation the embryos 

frequently lie in the uterine body where they are easily 

overlooked. At the time when a singleton embryo Ls de¬ 
tected on Day 14 or 15, another embryo from a second, 

asynchronous ovulation days Later may still be too small 

to be found by ultrasonography. Since asynchronous 
double ovulations with a time 


1.3.2.5 Twin pregnane} 


An important indication for the use of ultrasonogra¬ 
phy is the timely diagnosis of a twin pregnancy. 1 he fre¬ 
quency with which twin pregnancies are diagnosed de¬ 
pends on the lime of the examination as well as the 

breed of the horse involved* It has been reported that 

the incidence of twin pregnancies diagnosed between 
Days 13 and 2 Ms 15 % in pregnant Thoroughbred 
marcs and only 6 % in pregnant Standard bred mares 
t Fir »w m an 1986). If the examination is performed later 
and Warmbloods and draught horses arc included, this 

percentage may drop to 1 to 3 % (Chevalier and 

Palmer 1982). The detection of twins during the early 
stage of gestation requires a very carefully executed 
ultrasonographic examination of the uterus. The diag¬ 
nosis is possible with relative ease between Days 12 and 
16 (Fig, 1.71 bilaterally positioned twin conceptuscs 
arc not difficult to recognize, provided the examination 

Ls carried out conscientiously (Merkt et al. 1983). 

Difficulties arc encountered in cases of tpsilLiteral twin 
pregnancies where both conceptuscs lie dose together 

in the same horn (Fig. 1.72 to 1.74). 


contribute to the failure of recog¬ 
nizing a tw i [t pregnancy. When two embryonic vesicles 

He close together the positioning of the scanning probe 

may make it Impossible to see the thin, echoic mem¬ 
brane formed by the two closely appositioned sets of 

vesicle walls (Fig. 1*73). The presence of twins should 

be suspected when an embryonic vesicle is too large for 

its age as determined by the last service date of the mare. 


Many factors can 


interval ol 48 to 96 hours 


between ovulations can still lead to the conception of a 

of the two embryonic ves¬ 
icles will be 2 to 4 days less advanced than the older and 

thereby have a dune ter smaller tinm can be detected by 


twin pregnancy the younger 


ultrasound (Ginthlk 1986). Endometrial cysts may 
also lead to 


a faulty diagnosis of 


a twin pregnancy 


(Simpson et al, 1982) 
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Fig, 1,75: Twin pregnancy on 1 ><iy 28, Dorsilly, a cluster of 

multiple endomui i ml cysts { V] can be seen. They can generate 

difficulties in diagnosing a twin pregnancy. Fo ensure an ac 
curate diagnosis the two embryos (II) with the beating heart in 

each should he depicted. 


Fig* 1,76: Twin pregnancy on Day 37. The two embryonic 

vesicles appear lo be fused. Two embryos are visible. 
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Fig, 1,77: Twin pregnancy on Day 15. The vesicle on the left 
has the appropriate size in relation to I he service date, where 

as the one on the right is too smalt. 
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lead to abortion during the advanced stages of preg¬ 
nancy. 

The follow mg approach is recommended for vet¬ 
erinary practice: Where twins of dearly differing sizes 
are diagnosed until Day 16 of gestation, the possibility 

of a spontaneous resorption should be considered. In- 

tervention may he postponed until 2 to 3 bays later 
when it is evident from the follow-up examination that 
both embryos have continued to develop since the pre¬ 
vious examination. Where twins are found before Day 
16 and both vesicles appear to be intact it is useful to 
attempt the reduction of the pregnancy to a singleton 
pregnancy by manually crushing of either of the two ves¬ 
icles. Since both vesicles are still mobile at this stage, 
repeated examinations can be pc - formed until the two 
vesicles are found to be far enough apart so that the one 
can be crushed without harming the second one. If a 
bilaterally fixed twin pregnancy' is hot detected after 

Day 16 an intervention is indicated, because it is likely 

that both embryos will persist. Since a spontaneous 

resorption is more likely in unilaterally fixed twins after 
Day 16 an intervention can be postponed for some 
time. 


There are mares with multiple endometrial cysts 
which can make the search and detection of twin ves¬ 
icles 

casionally it is difficult to find the membrane that di¬ 
vides the two vesicles of a twin pregnancy (Fig. 1.76). 
Where uncertainty exits the final decision should be 
postponed until the time when the detection of two 
heart beats can be expected. 

The individual embryonic vesicles of a normal twin 


in the uterus 


particularly difficult (Fig. 1.75), Oc 


pregnancy often show the same growth rate as that seen 

in singleton pregnancies (Ginther 1984 b, Pipers et al. 
1984). 


I ti spite of that the sizes of individual vesicles in cases 
of twin pregnancies can differ (Fig. 1.77). ! his may in¬ 
dicate that the smaller mem tier of a twin is retarded and 




is in the process of undergoing an embryonic death. 

However, in cases where twin vesicles of unequal size 

are detected the categorical conclusion that die smaller 
embryo must be dying, will often prove wrong. Asyn¬ 
chronous double ovulations with an interval of 48 to 96 

hours between ovulations can lead to twin pregnancies. 
1 he two oonceptuses will show differences in their 
stages oi development, but can both continue to persist 

and grow into the fetal stage of pregnancy* 

In unilaterally fixed adjacent twins an embryonic 
mortality is likely between Days 17 and 29 (Ginther 

1984 c). Prior to this, during the phase of mobility, re¬ 
sorptions are rare and after this until Day 45 only few 
mortalities will occur. The resorption of one member of 
a twin is more likely than that of both. Bilaterally fixed 
twins continue to develop in the majority of cases and 


Once a twin pregnano. has been reduced by crushing 

of one veside the successful elimination of the one and 

die further development of the other vesicle should be 
monitored ultrasonically. Where an emhr.n has been 
eliminated by crushing it before Day 20 the survival 
chance for the second conceptus is good, but in later 
cases one mast expect the second embryo to die 

(Bowman 1986), 
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Fig. 1.78: Twin pregnancy on Day 39. The two embryonic Fig. 1.79; Twin pregnancy on 

vesicles lie ne\i to each oilier and arc visible on the same 

ultrasonogram. 


iuses lie next to each other. The echoes produced by the cross 

sections of the ribs (arrows) of both fetuses can he seen. 
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1.80: Instrumentation for irunsvaginal sonography, including the automated puncture device 1 1 \nnn n ( iuttuigcn. Ger 
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for the probe is the channel with the puncture needle 
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From Day 4i t even in unilateral twin pregnancies the 
two fetuses may he so far apart that it may be difficult to 
capture both on a single ultrasound image (Fig. 1.78). 

In advanced gestation (2nd and 3rd trimesters i it is 
(fifficuli to diagnose twin pregnancies by transrectal ul¬ 
trasonography, Sometimes it is possible to see two fe¬ 
tuses (Fig. 1,79), Where this is possible the existence of 
a twin pregnancy can he confirmed, Should only one 

fetus be detectable making a diagnosis of a confirmed 

singleton should be approached with caution. 


automated puncture device (Fig. 1.80), The handle of 

the vaginal sector probe is fixed within the tip of the bar¬ 
rel. A spring mechanism is used to drive the puncturing 
needle and an adjusting screw is used to set the depth to 
which the needle can be shot beyond the lip of the 
probe. The depth and direction of the puncture can be 
determined aiming with two puncture guide lines on the 

ultrasound monitor (Fig, L82)> The total length of the 

instrument is about 80 cm. 

The punctures are performed after the vestibulum 
and vagina arc prepared useptically anti i he mare is se¬ 
dated. For the sake of sterility the instrumentation is 
covered in a sterile plastic sleeve, The tube of the in¬ 
strument with the attached puncturing device is intro¬ 
duced into the vagina in the same manner as a tubular 

speculum. It is pushed against the anterior vaginal wall 
and one hand introduced into the rod urn to hold the 
uterus caudally and fix it against the ultrasound probe. 
Once the image of the conceptus is aligned with the 
puncture direction of the needle the trigger mechanism 
is activated. I he plastic sleeve is penetrated by the 
puncture needle when the trigger is pulled. It is oossibte 

to aspirate fetal fluid through the needle. 


1.3.2.6 Transvaginal sonographic puncture 


Since the manual reduction of a twin pregnancy is 
usually not successful after Day 20 to 25, the possibility 

conceptus by controlled puncture 
was considered. It apneared promising to puncture one 
conceptus under visual control of a vagin ally introduced 

uUntMUKid prota. 

For this purpose a pistol-like instrument was de¬ 
signed The barrcl oi the instrument accommodates the 
ultrasound probe and on the handle is a trigger for the 
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Experiences Math transvagimd punctures of cuncep- 

tuscs in the horse arc still limited. In the punctures per* 

formed thus far one could usually observe a change in 
the typical features of the embryo or fetus immediately 

following penetration of ihc vesicle by the puncture 
needle (Fig, 1,81 and L82), Within the vesicle echoes 

reminiscent of floating parts of membranes became evi 
dent. These were assumed to have been freed placental 
membranes. Immediately after the puncture the cm 
bryo changed its position* coming to rest on the floor of 

the vesicle. 

To dale sue punctures on singleton pregnancies have 
been performed between Days 19 and 75 with the aim 
of aspirating small quantities of placental fluid. In 4 
pregnancies which were performed between Days 19 


and 50 the eonceptus died after the puncture. One am* 
ccptu-s which had been punctured or Day 54, and from 

which 7 ml allantoic fluid had been collected, continued 

to develop (Fig. 1,83). This pregnancy was purposefully 

interrupted on Day 75 by the collection of a large vol¬ 
ume of fetal fluid. 

Only one eonceptus was punctured in each of two 
twin pregnancies on Days 29 and 44 of gestation* re¬ 
spectively, The remaining member of the twin pregnan* 

cy was intended to persist and develop as a singleton 
pregnancy. In both cases, however, both conccptuscs 
died. In all cases the death of the eonceptus was ap* 
p; i tv nr within days of the puncture. Usually* a heart 
beat could not be detected by ultrasonography on the 
day following the puncture. 
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F"i|*. 1,85: longitudinal section through the neck of a fetus on 
Day 154 of pregnancy. The arches and bodies of three verte 
brae delineate the spinal canal (S) + Behind them shadow arti 
facts extend into the depth of the image. 


Fig, 1,K4: Fransroetal image of the eye and bra mease of a fc 

tus on Day 15 3 of gestation, In the anterior aspect of the eye 

the caudal wall of the lens (arrows) is depicted. 
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Fig. 1.86: Horizon!a! section through die thorax 
Day 134 of gestation. The echoes formed hy the cross sections 
through the ribs of both halves of 1 he chest run in two lines to 

wards each oilier, Between the two tines three cardiac eh am 

3) arc visible 


of a fetus on 
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ra t e 


Standardbred) during pregnancy (adapted from K \t in and 


l.t.lot. 1987 a). 
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few millimeters thick (! ig. 1.84). The oval outline of the 

brain cavity can Ik* depicted until about the Kih month 
of gestation* After that the ossification of the bones of 

the cranium has progressed so far that only the bony 

parts in proximity of the transducer can be imaged* 

The most apparent structure in the neck is the cervi¬ 
cal spine (Fig. 1,85). The ossification centers of the ver¬ 
tebral bodies and arches produce disc like echoes. Due 
to the absorption of the sound waves, ultrasonic shad¬ 
ows are seen beyond the vertebrae. 

When the probe b positioned favorably the spine 

can also be detected by ultrasonography in the thoracic, 
lumbar, sacral and even coccygeal regions. Usually the 

typical double row of hypcrcdioic discs is apparent 

> iiy the tail vertebrae produce 

echoes. 


1 33 Ultrasonography of the equine feius 


After Day 60 of pregnancy, significance of transrec- 
tal ultrasonography for merely diagnosing pregnancies 
in the horse decreases. At this stage the emphasis oi the 
value of the ultrasound examination shifts towards fetal 
diagnostics. I h rough sonographic observation of the fe¬ 
tus in utcro, the depiction of its body parts and organs 

as well as taking fetal measurements - Hie so called feto¬ 
me try fetal development can be monitored and as¬ 
sessed (Kahn and Leidl 1987 a). Important conclu¬ 
sions for abnormal pregnancies can be made in this 

manner. Sizes determined by fetometiy can be used to 
assess gestational age in cases were uncertainly exists 

about the exact service date. Transcutaneous ultrasono¬ 
graphy through the dam*s ventral abdominal wall may 
prove useful in some cases in order to visualize the fetus 

(Adams-Brendemuehl and Pipers 1987 ), 


row of solid 


a st 


1.3.3.1,2 Thorax and heart 


The conically tapering images of the two halves of 
the chest cavity are obvious in the thoracic region (Fig, 

1.86). Similar to the vertebrae, the cross sectional im- 
ages of the ribs produce echoic circles. Ultrasonic shad¬ 
ows lie behind the ribs that produce them. 

The heart will he evident in the apex of the thorax 
f Fig. 1.86),The echoic wall of the heart surrounds the 
hypoechoic lumina of the ventricles and atria which arc 

separated from one another by bright valves and septa. 
The action of die heart am be demonstrated quite im¬ 
pressively if the probe is oriented properly. 

The basal heart rule of equine fetuses is 150 to 190 

beats per minute in the 3rd month of gestation and 

decreases slowly as pregnancy progresses I Fig. ' .87). In 
Month 7 the basal heart rate will vary from 100 to 110, 
and near term 60 to 80 beats per minute (Colles and 

Parkes 1978, Pipers and Adams-Brendemuehl 1984* 
Matsu i et ah 1985. Adams-Brendemuehl and Pipers 

1987). Generally, however, the heart rate is rather var¬ 
iable and can rise well above the basal values during 
short periods of observation. 


1.33.1 Imaging of fetal organs 

1 he ultrasonic appearance of the various organs of 
equine fetuses generally resembles that of bovine fe¬ 
tuses (See Chapter 2.4,1), In the latter species the ultra¬ 
sonography of the fetus has been well studied Below 

follows a description of particularly characteristic ultra¬ 
sonic images of equine fetuses. 


1.3.3.1.1 Head, neck and spinal cnlmnn 


Prominent structures on the head of the equine fetus 
are the eye and the crania] cavity (Fig. 1.84), The vit¬ 
reous body oil the eye is anechotc and surrounded by the 
hyperechoic orbit. In the anterior portion of the eye ball 
Arch shaped structures beeume visible. The two convex 
lines that lie opposite one another represent the front 
and back wall of the lens. 

The roof of the scull and the basal portion of the 
brain cavity form a hyperechoic, oval outline that is a 
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hi hie mare 


Fir, r.ff9: Cross section through the umbilical cord wiili the 
two luminu of the umbilical arteries and that of the umbilical 

vein in a fetus on Day 185 of gestation. 


Fig. i.88: Transverse section through the trunk of a fetus on 
Day 143 of pregnancy* At the bottom lies the stomach (S), at 

the top lies the coarsely granular* modcrately cchoic liver (L) 
and between them runs the caudal caval vein to the right of 
which is a cross section of a vertebra with a ultrasonic shadow 

originating below it. 
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H lobular, hypcrechoic structure* The optimal time foi 
transrectal ultrasonographic sex determination in 
equine fetuses appears to lie between Days 60 and 70 

o!' gestation. The sex determination is possible at later 
stages too, but then the more cranioventml position and 
the larger size of the fetus may make the optimal depic¬ 
tion of the caudal body region difficult ant) not possible 
in every examination* 

In contrast to the situation in bovine fetuses (see 

Chapter 2*4.2), it has not been possible to determine 

the sex of equine fetuses by sonographic imaging of the 

and Adams-Brendemuoil 1984). 
One reason for this is that the testes descend much later 
into the scrotum in the equine fetus than in the bovine 
fetus. Therefore, the depiction of the scrotum and 
testes cannot be used to differentiate between the sexes 

of equine fetuses, 

Occasionally, the umbilical cord w liich floats around 
within the placental fluids can be seen (Fig* 1,89). A 

transverse section through the umbilical cord shows the 

typical arrangement of two umbilical arteries and one 
vein in the equine fetus* 


omen and pelvic region 

I he abdominal organ easiest to depict by ultrasono¬ 
graphy is the stomach (Fig. t.88), It lilts a hypoechoic 
oval area in the background of the Iasi few ribs anti 
shows the typical features of an equine stomach, namely 

the dorsal cul-de-sac and the ventral body. 

Next to the stomach lies the coarsely granular, 

moderately echoic liver which is passed by the black 
cords of the large abdominal blood vessels (I : ig* 1.88). 

Under optimal conditions it may be possible to de¬ 
termine the sex of equine fetuses by means of ultra¬ 
sonography (Curran and Ginther 1989). For t his pur¬ 
pose the location of the genital tubercle between the 
hind legs must be determined* 

bud differentiates into penis and prepuce in the mule 

fetus and into clitoris and vulva in the female fetus* Dur¬ 
ing fetal development the genital tubercle migrates 

from its ongLM between the hind legs crania liy towards 
the umbilicus in the mate and caudal 1y towards the tail 

in the female* By determining its position from alxjut 

Day 60 of gestation the sex of the fetus can be diag¬ 
nosed. In Kith sexes the genital tubercle consists of a 


1JJ4JA 


scrotum 


The embryonic genital 
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during pregnancy (adapted from 

Kahn and LBPL 1987 a). 
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l ip* 1,91: Growth (regressions) of the largest diameters of f h 

trunk, braincasc, stomach, eye and one rib cross section with 

one intercostal space in equine fetuses jr I hornughbred and 
Siandauliired) during pregnancy (adapted from Kahn and 


Fig. 1.92: Example of taking measurements of the diameters 

and bra incase in a fetus on Day 159 of pregnancy. 
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cation of the ultrasound probe (O'Grady el ah 1981, 

Pipers and Adams -Brendemuehl 1984), By applying 

the pmbc in the area between the maternal udder and 

navel fetal structures in the proximity of the abdominal 
wall can be visualized from the outside during the 2nd 

3rd trimesters of gestation. Using this technique the 

trunk of the fetus remains accessible until birth. 


13.3.2 Accessibility of equine fetuses by 

transfect a 1 sonography 

During one study involving 162 Thoroughbred and 
Trotter marcs which were 3 to 11 months pregnant it 
was possible to reach 
graphy at all stages of gestation (fL\j i\ and Llidl 1 yK7 

a). For these examinations a 5 MHz linear ultrasound 

probe with a penetration depth of 10 cm was used. The 
technical difficulties associated with the ultrasonic ex¬ 
amination of equine fetuses very much depend on the 

stage of gestation. In about one half ol the mares ex¬ 
amined between Days 80 and 100 of gestation the fc- 

uf the Hi! rasound waves (Fig. 

1,90). At th> si age [lie relatively small fetus had often 

descended cranioventratly into the uterus bulging far 
beyond the pelvic brim. In this position it was too far 
away to be detectable by the ultrasound waves. From 
the 4th month it became increasingly easier to reach 
some parts of the fetus so that only 11) to 20 % of all 
fetuses between the 5th and 1 llh months of gestation 

remained beyond reach. 

'Hie availability of individual fetal body parts for ul¬ 
trasonic examination also depends heavily on the stage 
of gestation. The head will move closer to the maternal 
pelvis as pregnancy 1 progresses and was visible in 74 to 
83 % of all 6 to U month old fetuses in the above men¬ 
tioned study (Fig. 1.90)* in contrast, the thorax, abdo¬ 
men and pdvis generally move ever further away. The 
chest and abdominal regions were accessible in 25 to 50 

% of fetuses during the 3rd* 4th and 5th months and on¬ 
ly in isolated cases thereafter. 

The above mentioned results reflect tendencies and 
can be improved significantly through the development 

of better ultrasound technology. With improved tech¬ 
nology equine fetuses and their body parts will then 
become even more available for sonographic examin¬ 
ations. It has also been demonstrated that the short¬ 
comings of transrectal sonography could be com- 

by the transcutaneous appli¬ 


the fetus by 


transrectal sono 


1.3.3.3 Sonographic fetometry in horses 

! tiniugh fetometry, ultrasonography offers the pos- 

of determining fetal age and to assess the devel¬ 
opment of the fetus and pregnancy (KAHN and Letdl 

1987 a). The best approach for measuring a fetus de¬ 
pends on the approximately suspected stage of preg¬ 
nancy. In principal it is expected that the combination of 

measurements from as many parameters as possible will 

result in the most accurate estimation. Until Month 6 
the diameter of the trunk and the size of any additional¬ 
ly accessible organs should be determined. From the 6th 
month especially the head should be fctometrically eval¬ 
uated. On the procedures for fetometry' sec also < har 
ler 2.4.4. 


loses lay u u tsid e the range 


] ,3.3.3.1 Eye and bra incase 


The eye is the fetal organ which is most frequently 
available for fetometrical assessment during the enln 
course of gestation (Fig. 1.90 and 1.92). The largest di¬ 
ameter ot ihe vye increases approximately in a linear 

fashion as pregnancy progresses (Fig. 1.91), 

The expansion of the inner diameter of the cranial 

cavity increases very rapidly (Fig. 1.91 and 1*92) and is 

well correlated with the stage of pregnancy* The brain- 

case can only be measured until the 8th month of gesta¬ 
tion* because thereafter the sound waves are too at¬ 
tenuated by the cranial bones and the imaging field of 
conventional scanners is too small lo allow the cranium 

to be depicted in toto. 


sated for in many cases 
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Example of taking measurements of 3 nb cross sec 


.94: Example of measuring the diameter of the trunk ol 


Y \& I .93 


tk>ns with their corresponding intercostal spaces ill a fetus on 

i )uy 188 of pregnancy, "I lie length of one rib cross section with 

its corresponding intercostal space 


a fetus on Day 88 of gestation. 


(37.5 divided 


by 3) 
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greatest length of the stomach. Now the largest inner 

diameter of the hypocchoic lumen of the stomach can 

be measured. 

The largest diameter of the trunk is determined at 
the level of the stomach and liver. The direct distance 
between the opposing body walls on a sonographic 
plane that is vertically oriented to the trunk is measured 

(Fig. J .94). On average, the diameter of the trunk grows 

Day 60 to 80 to If HI mm on about Day 
1.91). During the Month 6 the size of the 

trunk exceeds the penetration depth of the ultrasound 

probe and can no longer be used for fctometrical pur¬ 
poses. Until tlie 5th month of gestation there is normal¬ 
ly very' little variation in the trank diameter of different 
fetuses, making this a reliable parameter for the assess¬ 
ment of fetal development. 


1.33*3.2 Ribs, trunk and stomach 

m 


In order to determine the increase in the size of the 

transverse sections through the ribs, one must obtain a 

horizontal sonographic phine through the chest there! 

making it will be possible to count the number ot nK 

and intercostal spaces per unit lengi h (Fig. L93 U In or¬ 
der to reduce the errors in measurements to a mini* 
mum, several ribs and their intercostal spaces (3 to 5) 

should be used for this assessment. The distance be¬ 
tween the edges on the same side of the cross sections of 

two distant ribs is determined. When this distance is di¬ 
vided by the number of rib cross sections included, the 

result will he the length of one rib cross section with its 
adjoining intercostal space. 

The size of the stomach can be measured by orien¬ 
tating the ultrasound probe to show the 


from 25 mm on 


150 (Fig. 


image with the 
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Fig. 1.95: Onset of embryonic mortality on Day 17 of gesta 

lion. Signs of abnormality are the increased echogenicity of 
the embryonic fluid as well as die vagueness of the interface 


I'ig. 1,96: Abnormal pregnancy' on Day 27, The embryo still 
exhibited heart beats, Signs of the impend mg embryonic 
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between the embry onic vesicle and the uterine wall. Four daws 


the smalki than expected size of the vesicle whi n compared 

to the last service date 


Eater the conceptus was largely resorbed. 
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. L97: Abnormal pregnancy from Fig, 1,% on Day 33, The 

mb mi hud continued to grow and still hud a beating heart, 

Signs of embryonic mortality are 
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In the ease of a disrupted pregnancy the loss of the 

embiyonjc vesicle’s tension is associated with a loss of its 

typical shape. In the intact pregnancy the co nee plus re* 
mains strictly spherical until Day 15 of gestation. If the 
embryonic vesicle assumes any other shape before this 
day it should he suspected to die* During later stages a 
change of shape can no longer be used as a reliable in¬ 
dicator since physiological changes in shape occur sub* 
sequent ly. In some cases of embryonic moi tality a disor¬ 
ganization of the embryonic membranes have been ob¬ 
served (Fig. 1.97). Deviations from the typical 
is imgemciU of the allantoic yolk sac membrane occur 
in some cases of embryonic death during the ascending 

phase of the embryo (Ginther et al. 1985). 

The lack of a heart beat is the most reliable sign for 
embryonic death. Shortly before death a bradycardia 

can be seen in some embryos. In the intact embryo the 
heart rate is usually abo 

Another indication that an embryonic death might 
be in progress is the inadequate size of the vesicle 
(smalMor-date) due to the subnormal volume of em¬ 
bryonic fluid (Ginther et aL 1985 1 . An embryonic re¬ 
sorption occurring during the first 3 weeks of gestation 
usually runs a rapid course. It only takes a few days from 
noticing the first signs of a disorder until the embryonic 
vesicle has disappeared. After the 3rd week some re¬ 
sorptions run a protracted course Fig. 1.96 and L97). 

] n mares that loose their embryo at a later stage, a pre¬ 
ceding subnormal vesicular size portends impending 
death. The involved embryonic structures sometimes 

continue to grow for several days and rarely for a few 

weeks (Darenjus et aL 1988) yet do not obtain a 

normal growth rate and eventually die. 


1.3.4 Uterine pathology 

i mbryonic death 


1.3.4.1 


In the horse embryonic death occurs in 4 to 15% of 
all pregnancies between Days 10 and 50 {Cm \ i k 

and Palmer 1982. Simpson et al. 1982. Valon et al. 


1982, Squires et al, 1988), 

There are numerous ultrasonic signs that can be 
used to predict an impending embryonic mortality. In 
principle, all findings that indicate a deviation from the 
normal should be interpreted as suspicious, Certain fea¬ 
tures are, however, more characteristic and occur quite 
regularly. 

An im 


riant feature indicating the viability of a 
conceptus is the anechoic nature of the placental fluid. 
In the case of a resorption slight to moderate reflections 

will appear relatively soon within the fluid of the cm- 

vesicle (Fig. 1.95). They are a sign of the in¬ 
creasing cellular content of the embryonic fluid and of 

t he disorganization of the placental membranes. 

The interface between the embryonic vesicle and its 

surrounding endometrium is smooth in the case of 

intact pregnancies. When this line becomes wavy it may 

serve as an indication that an embryonic death is immi¬ 
nent (Fig. I -96). Occasionally, the interface appears tor¬ 
tuous in which case the resorption will have already pro¬ 
gressed somewhat. The reason for this is the lack of in¬ 
ner tension in the vesicle which is caused by cessation of 

embryonic fluid production and by its increased iooi p- 
lion. The endometrial folds are no longer stretched 

concept us , but rather protrude into it 




ve 150 beats pei 


minute 


smooth by the 


(Squires et al, 1988). 
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Fig. 1.98: Uterus A Jays after the death of the fetus on about 
Day 70 of pregnancy. At this time the fetal fluids had largely 

disappeared. Hyperechoic fetal remnants (arrows) were still 
detectable by ultrasonography for another 2 weeks. 


Fig. L99: Hydrops of the placental membranes in a mare at 
day 230 of gestation. The excessive accumulation of fluid can 

he seen to extend beyond the maximal penetration depth of 
the sound waves. The fetus could not be detected by traitsrec 

ul ultrasonography. 




Hg. 1.101 : Normal involution of the uterus in a mare 15 hours 
post partum. The uterine lumen is largely dosed, A small 
amount of hypoeehoie fluid is visible between ihe endome 
trial folds 


Fig. IJdii; Uterus (arrows) of a mare with a normal postpar 

mm period #4 hours (3.5 days) after parturition. Wit]tin the 

uterus the anechoie lodiul secretion expanding over a few 
centimeters can lie seen. 
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1.3.4.2 Abnormal pregnancy 


1.3*4,3 Post partum uterus 


[ here am be many signs of abnormal events during 

advanced pregnancy, I he shape and size of the fetal sac 

can no longer he assessed, because it has become too 
large. Ultrasound examinations at this stage concen- 
tratc on the fetus (see also Chapter 1,3*3). In cases of 
imminent abortion it has been noted that the fetus had 
a heart rate beyond the outer limits observed in intact 
pregnancies. 

Often the fetus is not immediately expelled after it 
has died. A sternly decline in the amount o: placental 
fluid can be observed by ultrasonography in such cases. 
The sonoanatomy of the fetus also changes. Many struc¬ 
tures that can be seen in live fetuses become less clear 

(Fig. 1.98). Parencinmatous organs in panicutir, which 

undergo rapid postmortem changes and are normally 
traversed by a rich supply of blood vessels change ilieir 

typical appearance (Staudaoi 1986). The hypoechoic 

appearance of blood vessels changes to look like the 
surrounding tissues, because ot intravascular coagula¬ 
tion o:i blood. Soft tissues nay loose their typical struc¬ 
ture and look much less differentiated. Ossified bone 
segments retain their echogenicity and will therefore re¬ 
main visible for a much longer period of time. Even 
once the placental fluids have totally disappeared fetal 
echoes can usually be found for several more weeks 

(GiNTHERet ak 1985), 

In hydra llantois and liydramnion cases the most ob¬ 
vious finding is the extensive amount of fluid in the uter¬ 
us. There is an excessive accumulation of placental 
fluids between the uterine wall and the fetus. In some 
instances this is so extensive that it exceeds die scanning 
depth of 20 to 30 cm of tow frequency ultrasound (i ig. 
L 99) and the fetus can not be reached transrcctally. 
During transcutaneous examination it might he delecta¬ 
ble in the vicinity of the maternal navel. 


During the first few days of the ptist p i turn period 

the uterus of most mares contains some lochia) secre¬ 
tions, The depth of the fluid accumulation can reach 
several centimeters, even in normal postpartum marcs 
(Fig. 1.10(1). It sometimes happens that on die basis of 

an ultrasound examination a uterus is found to be free 
■ii fluid during the first few days after parturition (Fig. 
1.101); not infrequently, however, lochia) fluid may be 
found in the same uterus during a follow-up examina¬ 
tion 1 to 2 day's later (McKinnon et al. 1988). The pro¬ 
portion of mares that do not have any fluid left in their 
uterine lumina increases significantly after Day 7 post¬ 
partum. At the time of foal heat only 25 % of marcs 

have lochial secretions in their uterus. In the case of an 

abnormal postpartum period with the retention of 
lochia die r cm 1 1 hi iit fluid accumulation in die uterus can 

be strikingly extensive and many centimeters deep (Fig. 


Fig, 1.102: Ijochkimctra in a mare 4.5 days postpartum. The 

fluid pool in the uterus (arrows) extends many centimeters 

deep. The same day 1.51 of fluid were drained from this uterus. 
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Fig* 1J04: Conspicuous accumulation of hypercchok secre 
tions (between the crosses) in a uterus with abnormal involu 

I ion in a marc K days postpartum* Matings during foal heat 

and the next heat did not result in a pregnancy* 


Fig* I,li>3: Postpartum uterus (arrows) 3 days after parturi¬ 
tion* There Ls hyperechoic lochia! fluid in the uterine lumen. 
The hyperechoic structures branch out over the surfaces o! the 

endometrial folds* 
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L I 02)* The echogenicity of lochia slowly decreases over 

the first few weeks of the postpartum period. Immedi¬ 
ately after parturition the tissue components and in¬ 
flammatory products contained in labial secretions 

cause she latter to contain floccular echoes. These re¬ 
flections can become very intensive in cases of viscous, 

purulent lochia. Sometimes the luminal epithelium also 
produces hypcrechoic reflections (Fig. L103), The 

superficial layer of the uterine wall forms a narrow' I to 

hypocchoic seam which lines the uterine 

lumen and spreads between the endometrial folds. 


Only few of the puerperal mares which have secre¬ 
tions in their uteri during foal heat at the time of mating 
conceive (Fig. 1.104). In contrast, mares that have a 

solid uterine image at the same time have a much better 

prognosis (McKinnon et al. 1988), In terms of practical 

stud management this means that only mares which do 
not show any ultrasonic evidence of mtra-utcrine fluid 
should be bred at foal heat. 
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Ultras < mogmphv in the mare 
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late shaped protrusion of the endometrial folds into the 

placental membranes can be found even in intact preg¬ 
nancies. The cases thus far identified all occurred in ol¬ 


L3.4.4 Endometritis 


Accumulations of fluid inside the uterine lumen are 

veiy typical of mares suffering from chronic endometri¬ 
tis. The amount of fluid in cases of uterine infections 
varies from marc to marc (Fig. LI05 to 1,107). The 

amount of the secretions in the same mare can also vary 
from day to day* I Uis is dependent on the stage of the 
cycle* i luid accumulations found during estrus may be 

physiologic, but may also Ik* an early indication of en¬ 
dometritis in many cases (ADAMS et al. 1987). When¬ 
ever fluid secretions are found in the uterus during di- 
estrus they should be regarded as abnormal* Sometimes 
the secretions are concentrated in a particular area of 

the uterus and at other times they can be detected along 

the entire uterine lumen. 

! lie outline of the fluid accumulations in endometri¬ 
tis cases is typically stellate shaped (Leidl and Kahn 
1984 i in a transverse section of a fluid filled uterine 
horn in which the endometrial folds bulge into the uter¬ 
ine lumen (Fig, LI06). The interface between the 
secretion and the surrounding uterine wall is wavy. 
Quite iKquently the 6 to H endometrial folds that are 

EHirmafly present in the uterus of a mare can be seen. 

The fluid distention of the uterus causes fluid to also 

penetrate in between the longitudinal folds, separating 

them from one another whereas in the absence of any 

fluid they normally lie in tight apposition* 

The stellate shaped appearance of the sonographic 
cross section of a free intra*uterine fluid accumulation 
in cases of endometritis cannot be seen in fluid accumu¬ 
lations of other origins such as in intact pregnancies or 

endometrial cysts. Due to the inner tension of the 
placental membranes or endometrial cysts these form 
relatively lightly filled vesicles which stretch the folds of 
the endometrium to form smooth lines, i he interface 
between the uterine contents and the endometrium 

thus forms a smooth line* In rare individual cases a stel- 


der, multiparous mares. The irregular interlace be¬ 
tween the embryonic fluid and die surrounding uterine 
wall appears to he a consistent 1 1 riding in all cases of em¬ 
bryonic death. 


A typical feature of the uterine secretion in 

of endometritis is the 


case 


increased echogenicity of the 


fluid Clear fluids usual is produce an anechoic, black 
image on ultrasonography. In contrast, the secretions oi 
endometritis mares always contain echoes of vaiying in¬ 
tensity* Depending on 
van 1 from occasional floocular echoic spots to echo pat¬ 
terns that can be more echoic than the surrounding 

uterine wai Small air bubbles inside fluid accumulations 


the degree of change these can 


can also produce floccutar reflections. These are particu¬ 
larly evident after uterine infusions or flushes (Fig, L 108), 

From a differential diagnosis point of view ii should 

be pointed out that amnio tic fluid can also be echoic 

during the 2nd and 3rd trimesters of gestation* Due to 

the increase in cellular components it is first floccular 

and later the amniotic fluid will have snowy reflections. 

This also applies to the allantoic fluid during the last 

trimester ol pregnancy. The sonographic differentiation 
between the secretion of an endometritis and other 

uterus such as placental fluid or that 

contained in endometrial J evsts, must be undertaken in 

conjunction with the assessment of other criteria* Im- 

ixirtanl criteria in this regard arc the echogenicity of the 
fluid* its intni-utcrine position and its shape* The most 
suitable time for the ultrasonic diagnosis of an endo¬ 
metritis appears to be during the mid to laic dicstrous 

period (Adams et al, 1987). At this stage of the cycle, 

pathologic fluid secretions seem to be most prominent 

and can still be differentiated from the possibly physio¬ 
logic secretions that may uppear during estrus. 
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be made to find floating segments of the amniotic mem* 

brane or oilier fetal structures such as the umbilical 

cord or parts of the fetus itself. 

The ultrasonic diagnoses of muco- and urometra are 
based on similar criteria as are used for a pyometra. 
Mucometra is occasionally diagn- ised in mares with an 
imperforate hymen. Most commonly the diagnosis is 
made in young fillies. After the onset of ovarian and 
uterine cyclic activity during puberty, the usual outflow 
of secretions from the genital tract is presented by the 

persistent hymen. This then leads to the accumulation 
of the mucous secretions in the vagina and uterus. 
Apart from typical clinical signs, such as the protrusion 
of the hymen from the vulva or the rectally palpable en¬ 
largement of the uterus, the retained fluid can also be 

demonstrated sonographic illy in several sections of the 

uterus (Fig. 1.111). 

Anatomical changes of the genitalia, such its the 
cranioventrat displacement ot vagina and uterus in the 

presence of an open cervix, can cause urine to flow 
cranialfy into the uterus and establish a urometra. 
Ultrasonicalty such a uterus appears fluid-filled and 
widely dilated (l ig. LI 12). The characteristic echogen¬ 
icity of equine urine often also leads lo floccular reflec¬ 
tions in the uterine contents as in cases of urometra. 


1.3-4.5 Pyo-, muco- an 

fVimetra represents a particularly severe form of 

endometritis. Its ultrasonic image features an extreme 

dilatation of the uterus (TFjg. 1.109). Through this the 

endometrial folds are stretched and the interface be¬ 
tween the uterine contents and the wall is smooth. 
Within the secretions of pyometra there are usually' 
intensive reflections which increase in density'vent rally. 
This is caused by the sedimentation of increased 

amounts of cellular components as well as the increa¬ 
sing consistency of the pyometra fluid in the uterus. 

The ultrasound image oi the urinary' bladder can 

look much like that of a pyometra (Fig. 1.110). Due to 

the high viscosity of equine urine the luminal contents 
of [ tic urinary bladder show an echo pattern with inten¬ 
sive reflections whit li can be confused with l fiat seen in 

a pyometra, i he appearance of the bladder can also be 

confused with a slightly enm tally dilated uterus. Since 
this can lead to misinterpretations, a pyometra should 

closely 

opposed hollow organs can be demonstrated. It is im¬ 
portant to depict the entire bladder wall without any in- 
terniprion so as to ensure that there is no connection to 
the more erantally positioned hollow organ. 

If difficulties are experienced in differentiating be¬ 
tween a pyometra and a pregnant uterus efforts should 


uromctii 




only be diagnosed if two completely separate 
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a diameter consistent with the hist reported service date 

and a central position in the uterine lumen are aU symp¬ 
toms favoring the diagnosis of a conceptus, Mobility of 

the vesicle or the detectable presence of a heart beat in- 

side the embryo will both confirm a pregnancy. The mo* 

Nlity of die embryo is usually evident until L >uy 15 or 16 
and can be observed in most cases by scanning the ves¬ 
icle for a few minutes (Lxrni and Ginther 1985). 

Indications of a cyst include an irregular or oval 
shape, the presence of several compartments within 

their lumen, or their multiple occurrence in the uterus. 
Vesicles that lie eccentrically or intramurally in the 
uterus should also he viewed as cysts, b^jrther indiea- 

" . " ■ " WP 

lions that a delected vesicle may be a cyst include a 
ili^'lepancy between the observed and the expected 

diameter (based on the last service date) of the ves¬ 
icle or its failure to grow in size as demonstrated by 

repeated examinations at intervals of a few days. 

[f there is still doubt about the identity of a vesicle, 
other parameters than those established hy ultrasono¬ 
graphy must be relied on, l hese include the assessment 

rectal palpation of uterine and cervical tunc as well 
as the site and shape of a possible bulge in die uterus as 
well as progesterone determination, li even this cannot 

clarity, a repeated examination after a few days 

the mare is pregnant there will be a de¬ 
lectable increase in the size ot the embryonic vesicle by 
the time of the next examination. 

[ri order to avoid later confusion in differentiating 
between 

useful to look for the presence of cysts during a breed¬ 
ing soundness examination which is performed at die 

beginning of the breeding season, well before the mare 
is bred for the first time. During this examination the 

presence, locality, number and size of all endometrial 

cysts should be recorded. Should a new vesicle of the 

appropriate size appear during the first 3 wcdU after 
service it would be most likely to be an embryo. Endo- 
me trial cysts grow much slower t nan embryos and they 
tend to remain sonographically unchanged for much 
longer than embryos. 


4.6 Endometrial cysts 


13 


Endometrial cysts are typically found in mares over 

10 years of age (Kenney and 1 > a j am 1975, Kaspar el 
al. 1987, LEIDL el al, 1987), In this age group cysts can 
be found in 20 to 25 % of alt mares, I m cysts can be of 


h mphatic or glandular origin. Endometrial cysts can be 
single or multiple (Fig. 1.113 and 1,114). They can oc¬ 
cur in both, the uterine body and the uterine horns. It 
seems possible that the cysts can affect the fertility of 
the mare. They do not. however, present an absolute 
obstacle to the establishment of a pregnancy, because 
many pregnancies have been seen to develop quite nor¬ 
mally in the presence of endometrial cysts (Fig, 1.116), 

In isolated cases, where the cysts arc particularly large 

they appear to cause embryonic mal¬ 


ar numerous 

development by interfering with the normal implunta 

lion process of the embryo (ADAMS et al, 1987)* 


Ultrasnnically. cysts look like fluid filled vesicles with 
a shape that ami vary from 
Their lumen can consist of a single cavity or can be di¬ 
vided into several cavities (Fig 1J15). The outer walls 

and possible inner septa ol endometrial cysts possess 
the same echogenicity as that of the uterine wall. The 
front and back walls of the cysts w hich are oriented ver- 

waves can show intensive, specular re¬ 
flections, The cyst fluid, which Is lymphatic fluid, is an- 
echoic and looks virtually black on ultrasonography. 
The size of these cysts can vary from a few millimeters 
to several centimeters. 


spherical to long and oval. 


by 


to 


cysts and embryonic vesicles it lias been found 


Some cysts ranging in size from 10 to 30 mm can at 
limes be diltu ult to diMir msh from Day 10 to Day 25 

pregnancies (Chevalier and Palmer 1982* Simpson el 
al. 1982, Lehjlci al. 1987), From Week 4 of pregnancy 1 

the differentiation is easier, because the embryo exhib- 

al this stage con- 


its a beating heart (Fig. 1,116), Even 


fusion can arise when there are twin emluyonie vesicles 


or simultaneously occurring 

Faying particular attention to the recognition of 

their typical, specific features makes the distinction be¬ 
tween a co nee plus and a cyst easier, A spherical shape. 


cysts and 


a concept us. 
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Mji- 2.1: Schematic presentation of an ultrasound examination 

of the internal genital trad of a cow* using a linear scanner 

The ultrasound probe lies longitudinally inside the rectum 

the uterine horn. 


Fig. 2 J: Sagittal section through a non-pregnant uterus analo¬ 
gous to the examination plane in Kg* 2X The larger cum 
turc of the uterus is demarcated bv arrows. 
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just dorsal to 
















Fig. 2.3: Schematic presentation of an ultrasound examination 

of the internal genital tract or a cow, using a sector scanner. 
Cranial view of the pelvic canal. The transversely oriented ul 
i asound plane produces a cross section of the uterus {1 :• and 
urinary bladder (2) 


Fig* ZA: Transverse section through a non - p regnu ni uterus 
analogous to die scanning plane in Fig. 2.3 and 2,63. The 4 

ir uttsveiac sections through the uterine horns are demarcated 
hy arrows. 
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2 Ultrasonography in the cow 


ultrasound probes inside the rectum without causing 
damage* Experience has shown that the use of linear 

probes holds advantages over 

organs in the near field are examined. Examples of such 
situations are when the probe is held close to an ovary 

or very closely above the uterus. It is difficult, however, 
to turn a linear probe away from the longitudinal axis 
and hold it more in a transverse plane of the animal 
They are thus best suited to examine sections parallel to 

the longitudinal axis of the body (Fig, 2.2). In contrast, 

sector probes offer advantages when more distant 
areas, such as the fetus in advanced pregnancy* arc to he 

examined. Provided it is suitably constructed, a sector 
probe can be turned far enough inside the rectum to 
allow transverse view* through the uterus to be depicted 

(Fig. 2.4), 


cow 


the other types 


when 


The ultrasonographic examination of uterus and 
ovaries in cows is performed by Iransrcctal sonography. 
1 he technical aspects of the procedure are hugely the 
same as those applied in the mare (see Chapter 1.1), In 

the cow, too, I he examination is performed in a way 

similar to that of the rectal palpation (Fig, 2,1 to 2.4), 
After the rectum has been evacuated and the internal 

genitalia have been palpated in the usual manner, the 

hand-held ultrasound probe is introduced through the 
anus and then advanced cnmiully along the rectal floor. 

Generally, all commonly available ultrasound scan¬ 
ners ( linear, sector and convex) can be used fnr trans- 

rectal sonography in cattle. The only condition for their 

use is that one must be able to manipulate the chosen 
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1 i«. 2-* Cranial half of the urinary bladder 

body); above the fundus of the bladder is a mature corpus 
tutcum (demarcated by arrows) 


(fundus and 


Kig, 2.6; Caudal iulf of the urinary bladder (U) with Us neck 
(Cervix vesicae) and pan of its body (Corpus vesiaic)* Ventral 

to the bladder lies the horizontally positinned, hypercchuic 


pelvic floor (arrows) 
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Pig. 2 Mt Sagittal section through the uterine cervix; vent rally 
to the cervix lies the urinary bladder (U). Scvera i oervica) rings 

(arrows) can be recognized. In the center of the cervix is the 

horizontally positioned, bright linear echo of the cervical ca 


2.7: Paramedian section through the pelvic floor (ar 
rows); parallel to the initial echo, and stretching into the 
depth of the image, arc a scries of echoes which arc caused by 

multiple reflections (reverberation artifacts) between the 

sound probe and the pelvic floor. 
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After passing through the anus the caudal structures 

in the pelvis, such as vesdbulum and vagina, arc only 

poorly recognizable. Moving further forward, the easily 
recognized neck of the urinary bladder will come into 
view (Fig, 2,6), U produces the typical image of a hollow 

organ containing hypoechoic fluid and expands cranio- 

vent rally to form the body of the bladder (Fig* 2.5). 

Ventral to the bladder, [’socially in the area of the neck 
of the bladder, the pelvic floor can he seen. Its bony 

components are evident as very bright, a few millimeter 

thick, structures* The floor of the pelvis formed by por¬ 
tions of the ischium and pubis, lies virtually horizontally 
in its cranial portion and rises slightly in a caudal direc¬ 
tion > Nickel et uL 1 984). Deep to the echo of the pelvic 

floor one can often see further echoes w iiicii run paral¬ 
lel to it (Fig, 2.7), These are reverberation an . 
created by the multiple reflections of sound waves be¬ 
tween the hypi-1 echoic bom surface and the ultrasound 

probe. 

The cervix of the non-pregnant cow can be found at 
the level of the urinary' bladder (Fig. 2.8), The cervical 

structures that can be identified include the cervical 

rings and a central, hyperechoic line which represents 
the cervical canal, immediately cranial to the cervix, 

usually in the midline, appear the body and homs of the 


uterus, 1 k’casionatly, the uterus ean also be found lat¬ 
eral to the urinary bladder. When the uterus has been 
recognized, the probe is positioned above the tntercor- 
nual space. In the case of a linear array scanner with 

craniocaudal and dorsoventral sound beam ihe probe is 

swiveled from side to side to produce longitudinal im¬ 
ages of the uterus (Fig. 2,2). When using a sector scan¬ 
ner, the operator can turn the beam i lirough 90 degrees 
and ibus change the scanning plane horn longitudinal to 
transverse in relation to the body axis. In this manner 
transverse sections of the uterus can be obtained (Fig. 

2,4). 


After scanning the uterus, the probe can be rotated 


tun her laterally in order to visualize the ovaries. In their 
normal 


sition they can usually be reached by the 

sound beam and any additional digital fixation or re- 

sitioning of the ovaries is not necessary'. Care should 
be taken to allocate each identified ovarv to the correct 






side. Since the exact scanning di icction during 
examination is not always clear to the operator and the 
both ovaries may be positioned rather close to one 

another it may happen that the ovary found first is 
allocated to the wrong side. Only after both ovaries can 
be identified in succession should they be appropriately 
allocated as belonging to either the left or right side. 


an 
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When cow genitalia arc examined sonographicalty 

the imaging of small structures, such as the embryo and 

its thin embryonic vesicle, intra-uterinc fluid accumula¬ 
tions as well as follicles and corpora lutca, is of primary 
importance, The image quality' generated by ultrasound 
at a frequency of 3 to 3,5 MHz is not adequate io relia¬ 
bly depict early embryonic structures or small functional 
sinictures on die ovaries (Fig* 2*9 to 2*12), For these, 
the use of sound waves of a higher frequency is essen¬ 
tial. 1 he resolution of ultrasound at a frequency of 5.0 

MHz is high enough to identify vesicular structures with 

a diameter of 3 to 5 mm (Dobrinski and Kremhr 

1982). At the lower 1 1 equencies of 3 to 3*5 MHz vesicles 
of 6 to 8 mm can be seen. To further increase image 


quality 7.5 MHz ultrasonography can be used. Sound 

waves at this frequency provide a marginally better 

resolution than that obtained with 5 MHz* 

The penetration depth of sound waves at 7.5 M Hz is, 
however* only 4 to 5 cm (H-xssler 1984). For this 
reason the use of high frequency' ultrasonography is 
restricted to the examination of structures that 
extremely close to the probe* Sound waves at 5 MHz 
penetrate about 8 to 10 cm, thus allowing the examina¬ 
tion of the ovaries and uterus during early gestation. 

Since ultrasound at 3.5 MHz penetrates 12 to 15 cm or 

deeper it can he very usefully applied in the later stages 
of gestation or in cows whh pathologically enlarged 

genitalia* 


are 
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Fig, 2.13: Follide ■! ) in u cow on the day of esiim The di 

a meter of the follicular antrum is 17 mm, the thickness of the 

mm. Below the follicle ties the urinary 


Fig, 2.14: Ovary (large arrows) with an eMrus follicle on the 

day of ovulation, lit ere is a echoic spot (small arrow) at the 

floor of the follicle. Ultrasonogram taken with a 5 MHz sector 

scanner. 


follicular wall is 
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Fig. 2,16: The same follicle (Fb) as in Fig 
MHz* The diameter of the follicle is 1ft mm* 


Kig, 2,15: Comparison of image quality between lower and 
higher frequency ultrasound. I Et rasonogt am of an estrous lb! 

lide (Fu) at 5 MHz, 


2,15 seen at 3.5 
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Ovarian structures 


are found to lie next to each other a dividing mem 

branc, consisting of the apportioned 

can he detected The wall of a follicle which is sur 


the cow 


follicular walls. 


2.2.1 Follicles 


rounded by t he hype rechoic ovarian stroma can rarely be 


2.2.1 .1 Sonographic images of follicles 

The sonographic image of bovine ovarian follicles is 

etui ack-t i/cu by the anediuic, circular area of the folli¬ 
cular lumen (Fig. 2J3 to 2.20), During real time scan¬ 
ning the spherical shape of the follicles can be demon¬ 
strated by moving the sound probe hack and forth over 
the ovary. 1 heir fluid content usually contains no re¬ 
flections (Pierson and Ginther 1984 b t Reeves et al. 

1984). Only in a few individual cases the lumina of 

follicles near ovulation will contain echoic spots dose to 

the follicular wall (Fig, 2.14). Whether these spots 

possibly represent the cumulus oophorus or structures 

of a different kind is not clear vet. Where two vesicles 


identified (Fig. 2.13 and 2.19). The thin follicular wall is 


occasionally separated from the ovarian parenchyma by 
a very narrow, hypoeehoic line, 

of follicles is usually round ( Pierson and 
Ginther 1984 b). The dividing walls of two neigh¬ 
bouring follicles of equal pressure often form a straight 

Smaller follicles often bulge into the lumen of a 
larger follicle. 

The limit of resolution of 3.5 MHz ultrasound lies at 


The shape 


6 to 8 mm i bj f rson and GINTHER 1984 b) and cannot 

be used to reliably identity vesicular structures of less 

than 10 mm (Fig. 2.15 and 2.16). Low frequency ultra¬ 
sound therefore only has very limited value for the pre- 

eise examination of follicles on the ovarv. 
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Follicular vesicles with diameters of more than 10 


cavities in cystic corpora lutea resemble those of fol¬ 
licles* In contrast to the ancdioic follicular fluid, how¬ 
ever, the ancehoic fluid content of the corpus luteum 

cavity is surrounded by a moderately echoic wall of 

luteal tissue, which is a few millimeters thick* 

Follicular development can also be monitored ultra- 

sonically in hormone induced superovulation (Fig. 2*19 

and 2,20)* I n this way the number of developing follicles 
can be assessed reasonably accurately and their Dura¬ 
tion with subsequent corpus luteum formation can he 
confirmed (DAIANCOURT e£ ul 1988)* The ultrasound 

image of the individual F5H or ECG induced follicle is 

not different from that of a spontaneously developed 

follicle* Only the overall picture consisting of several* 

equally large vesicles is characteristic. 

After ovulation has taken place* the ovulation de¬ 
pression, or any other sign of ovulation, cannot be de¬ 
tected, During early metestrus the echographic image 
of the ovary corresponds to that of an ovary without any 
significant functional structures* An ovulation can only 
ho detected in a cow that was examined by ultrasound 
on the days preceding the ovulation* In such a case* the 
absence of a large vesicle, which had recently been 
present* indicates that an ovulation has occurred* 


mm can he easily detected using 5 MHz ultrasound 
(KAHN and Leidl 1986), The accurate recognition of 
vesicles with diameters of only a few millimeters de¬ 
pends mostly on the image quality generated by the 
scanner and on the experience of the operator. If the 
examination is conducted carefully, follicles in the size 
range of 5 to 10 mm can still be identified reasonably 

accurately (Fig. 2.17). Under less favorable conditions 
the differentiation between several smalt* neighbouring 
follicles may not 


issible in every case* 

When counting ovarian follicles by ultrasonography 
there is a tendency to count 10 to 30 % fewer follicles in 
the size order of 3 to 10 mm than arc actually present* 

Vesicles with a diameter of less than 2 to 3 mm are too 




small to be detectable, even at the highest resolution of 

5 MHz ultrasonography* 

When carefully performed the ultrasonic determina¬ 
tion of the inner diameters of follicles corresponds 
quite exactly to the real sizes of the follicular cavity 
(Quirk et al* 1986), The total outer diameter of the 
same follicle, including its wall, is then 2 to 3 mm larger. 

From a differential diagnostic point of view one must 

be able to separate the cavities of cystic corpora lutea 

from follicles (Fig* 2* 18). The sonographic images of the 
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Fig, 2-21:'Hie development of 

the dm meters of the largest 
and second largest follicles in 

heifers during the cslmus cycle 
( from KAhn 1989 c), 
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E ig. 2*22: The development of 

heifer 

with two follicular waves dur¬ 
ing the estrous cycle (adapted 

from SikOts ;ind FORTUNE 
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Fig* 2*23: The 

individual follicles in a heifer 

with three follicular waves dur¬ 
ing the estrous cycle iadapted 

from Sikots and Fortune 

19881* 
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hr wave starts and another dominant follidc develops. 

In the case of a 2-phase follicular cycle ! Ins one will ter¬ 
minate tn ovulation ; Fig* 2*22), Some cattle show a 
phase, others a 3-phase pattern of development (Ire* 

land 1987, Shtots and Fortune 1988* GinTHER et al. 
1989 a). A follicular growth pattern where 4 dominant 

follicles develop in succession during a single cycle is a 

rarity. In 3-phase follicular development the second 

dominant follicle also regresses and a third follicle 

develops into the estrous follicle (Fig, 2.23), The time 

interval between the onset of growth of successive 

dominant follicles seems similar in 2- and 3-phasic 
cycles, namely 7 to 10 days (Givn ier ct al. 1989 a). The 

total length of estrous cycles with 3 follicular waves is, 

on average, 2 to 3 days longer. A third wave 

is most commonly observed in heifers having a 2 to 3 
day delay in the regression of their corpus lutcum* 

During the first few weeks of pregnancy 

pattern of follicular growth, with its contrasts in the de¬ 
velopment between the dominant follicle on the one 

hand and the second largest follicle and the remainder 

of follicles on the other, persists (ScHNEEF 1 1 1984, 

Piurmjn and Gintker 1986), i his wave-like succession 

of dominant follicles at intervals of 9 to 10 days can 

observed during the first two months of gestation 
(GiNTHERCt al. 1989 b). 

Except for the days during metestrus, there is usu- 
a vesicle with a diameter of 10 or more millimeters 
present on one of the ovaries every day of the estrous 

cycle (Chqudarv cl al, 1968, Ireland ct al. 1979, 

Staiomiuer and I iNatAND 1982). Most follicles have a 

diameter of less than 14 mm during met-, di- and prt>- 
estnis. In a few cases, however, follicles with a diameter 
of 14 to 20 mm can be detected during dicslrus or the 

first few weeks of pregnancy at the same mne, the 

diameter of some estrous follicles can he smaller than 

he concluded that in veterinary practice 
the diameter of a follicle alone cannot be relied on to in¬ 
dicate the stage of the reproductive cycle of a cow. 


2.2.1.2 Follicular development during ihe 

estrus cycle ami in early pregnancy 

Follicles grow on the ovaries at regular intervals of 
al day's. The development of the largest follicle in 
each case is usually inversely correlated to the diameter 
of the second largest follicle and to the number of all 

other follicles t! ig. 2.21), During the first 3 days after 

an ovulation the largest follicle on a p.m 
usually only has a medium diameter of 5 to 8 mm. After 
that it develops rather rapidly to reach iLs maximum di¬ 
ameter of 12 to 14 mm between Days 7 and 10 and then 
becomes smaller again. While the dominant follicle 

grows, the second one becomes smaller, and visa versa. 

Also the number of the smaller, sonographicatly visible 
vesicles is inversely correlated to the development 
dominant follicle. The highest numbers of small follicles 

following an ovulation, i.e. in 

metestrus (M \ rroN et al. 1981, Pierson and Ginthlr 

1984 b, Kahn 1989 c). When a diesirous follicle begins 

to develop thereat ter. the number of smaller follicles 
rapidly declines. This contrasting pat tern of the devel¬ 
opment of dominant and remaining Mlicles was found 
in cyclic as well as early pregnant heifers (Pierson and 

Ginther 1984 b and 1986), 

The growth rate of the largest follicle from the time 

it becomes dominant until the day it reaches its maxi¬ 
mum diameter is, on average, 1.5 to 2,5 mmi per day 
t DrianOourT ct al. 1988), This growth rate is the same 
for dominant follicles during the luteal phase, for est¬ 
rous follicles during the last few days before ovulation 
and for those follicles that develop arter induced super- 

ovulation. 

Follicular growth in cattle occurs m wave like pat¬ 
terns, At the time of ovulation another vesicle is grow¬ 
ing to develop into the dominant follicle, to grow 
further during metestrus and to reach its maximum 
diameter during the early luteal phase between Days 4 
and HI of the cycle. Shortly after this dicstrous follicle 
has reached its maximum diameter, the second follicu- 
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Animals 

studied 


Estrous iolli-1 Diameter of estrous follicles (mm) 
c 1 cs studied 


x ± s 


smaHest largest 




12 heifers 

in 51 




20.0 


Fig, 2,24; i He internal diameters of estnms 

follicles in heifers and cows prior to AI (from 
KAl IN 1989 c). 


45 cows 

before AI 


20.0 












Ftg. 2*26: Cross section through the solid corpus luteum ana 
logo u.s to the sectional plane in Fig, 2,25 


Fig, 2,25; Ovary with a ma lu re, com pact cc> rpus I u re urn * Com 
pared to the surrounding ovarian parenchvma the corpus lu 
tcum (arrows) is less echoic* Ultrasonogram taken in a water 
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Fig* 2.28; Cross section through the corpus luteum with cavity 

analogous to the sectional plane in Fig. 2.27 


Fig* 2.27: Corpus luteum (arrows) with central cavity 

echoic luteal wall of several millimeter* thick nes su rounds 

the anechoic cavity Ultrasonogram taken in water hath. 
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aphic section of luteal tissue appears as a 

gray-structured oval area on the 

monitor ■ Fig. 2,25 to 2.28). It can be delineated from 

the remaining ovarian tissue or other functional structu¬ 
res that may be on the ovary* The relatively hypoecho- 

genicily or the active corpus lutcum is in distinct con¬ 
trast to the brighter gray of the ovarian parenchyma* 

The latter usually contains several vesicular structures 
of varying sizes, whereas the luteal tissue contains noi 
fluid* except in the case where it develt «ped a cavity' dur¬ 
ing its development. The weak echogenicity of luteal tis¬ 
sue corresponds to reflections typically produced by 
loose, less dense, highly vascular soft tissues. Hie higher 

echogenicity 1 of the ovarian stroma, in contrast, reflects 

density. 

Corpora lutea with cavities, so called cystic corpora 
lutea. can also he diagnosed by ultrasonography (Pier¬ 
son and GlNTHER 1984 b, Reeves et al. 1984, KAhn 

and Leidi 1986. Kith et al* 1986). In a corpus luieum 
with a cavity an echoic rim of tissue* a few millimeters 
thick, surrounds a central, ancchoic fluid accumulation 
(Fig. 2.27). The echogenicity of the rim of tissue is the 
same as that of luteal tissue and thus corresponds to 
that of solid corpora lutea. 


The st mo 


2.2.1,3 Estrous follicles 




roughly granular 


The average diameter of the cavity of the estrous fol¬ 
licle at the time of standing heal is 15 mm \ Pit kson and 
GlNTHER 1984 h* Kai in and Leidl 1 986 1 . When its wall 

is included this means that a preovulatory follicle has a 

total size of 18 mm (Quirk et al. 1986). The range of 

the inner diameter of cstrous follicles on the day of 

standing estrus is 10 to 20 mm (Fig. 2.24). It is note- 
wort) i.y that pregnancies can result from large follicles of 

20 mm as well as from small follicles of 10 mm. 

The daily increase in the size of the cstrous follicle 
during the days preceding ovulation is 1.5 to 2.5 mm. 

Most estrous follicles that liave been studied by ultraso¬ 
nography re achat iheir maximum size on the penulti¬ 
mate day before ovulation and did not grow’ larger dur- 

36 hours prior to ovulation. 


its solid consistency and higher tissue 


ing the 


2.2.2 Corpora lutea 


2.2.2.1 Sonographic image of cor 

Corpora lutea arc recognized i icir size and shape 
as well as their characteristic cchographic appearance 

(PlERSONand Gisthlk 1984 b, KAHN and 1 i idl 19861. 
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Hg. 2.29: 

mm) with a hyperechoic, central line. Ultrasonogram taken 


•s after 

ovulation. Its sbe is I 4 ) x \h mm. At its center then is a cavity 

of 6.5 mm and to its left is a follicle of about K mm 
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[Regressing corpus luicum (arrows) one 

next estrus; length: 19.5 mm. width: 15*5 mm 

corpus luicum are 
mm). 


i i 


I 


I 




* 


, width 


Length: 


a 

M 


h 


Ml 


- 










L 






V ■ 


J! 




A 










i □ 11 


































































































































































WWW 


Corpora latea 97 


Frequently, the cross section of a corpus lutcum con- 

tains a narrow, hypcrcchoic zone in its center (Fig. 2,29 

and 2,33). This site corresponds to a similar one that 

can be identified on the sectioned corpus lutcum. ft 
consists of branching connective tissue which, starting 
from the center, compartmentalizes uic wavy, densely 
packed layers of luteinized tissue. A hypercchoic central 
zone can always be seen after the closure of a central 
cavity in a corpus lutcum. This pattern can be found in 
corpora lutea of the cycle as well as those of pregnancy. 

immediately following ovulation the developing lu¬ 
teal tissue cannot yet be recognized, i he young corpus 

lutcum only becomes sonograplnically detectable 2 to 4 

days post-ovulation (Fig. 2.30). Corpora lutea have a 

~ ■ ■■ 

mean width of 14 mm and a mean length of between 


when they first become detectable on 
the third day after ovulation {Pierson and Ginthlr 
1984 b, KAhn 1986). 

They then grow 1 mm in width and 2 mm in length 

per day, and reach their maximum size of about 2 u x 3<' 

mm by Day 8 to 10 post ovulation (Fig, 2,31), After lu- 

teolysis has begun or PGF2a has been injected the 
largest diameter of \ lie corpus lutcum rapidly falls to be¬ 
low 23 mm {Quirk et al. 1986). At a frequency of 
5 MHz, corpora lutea are reliably detectable from their 
early development to the end of dicslrus. and nearly all 
of them arc still identifiable at the time of next 
ovulation (Fig. 2.32). In some cases they can still be 
identifiable as corpora albicans for several days after the 
onset of the next cycle. 


18 and 21 mm 
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Ftg. 233: A solid cinpus lutciim of pregnancy (Size: 26 x 19.5 

mm) with a hyperechoic Line in its center* Day 21 of pregnan 


234: Cystic corpus Jut cum (arrows) on Day EI ol 

clc. Hie corpus luteum measures 31 x 20 mm: tlic cavity 

measures 17 x 103 mm. 


i 


cy 


cy. 


Klg, 235: Cystic corpus luteum (arrows) on Day 8 of the cycle, 
l"hc cavity lies eccentrically anti has an irregular outline. 


Mg, 236: Cystic corpus luteum (arrows) on I >;ty I1 of the cy 

clc. Hie tii.imeter of the cavity U 22 x 19 mm. tile esiruus cy 
cle of the cow was 23 days long. Slight reflection* cun be seen 
within the fluid of the cavity. 
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The gray scales of the corpora lutea of different ages 

vary very little and cannot he employed for diagnostic 

purpose*.. At the same time* corpora lutea of pregnancy 
cannot he distingueheti on the basis of their echogenic¬ 
ity from those of the cycle (Fig. 233). The dimensions 
(length and width) of corpora lutea of pregnancy arc 

much the same as those of corpora lutea of the cycle* 

The cavities inside corpora lutea are usually oval, uc- 
casionallv round and nearly always centrally positioned 

inside the gland (Fig. 2.34)* Only in exceptional cases 
are they eccentrically positioned or have they an irregu¬ 


lar shape i fig, 2*35)* The largest diameters of the cavi¬ 
ties usually vary from a few millimeters to 1*5 cm. 

Rarely, they can reach 2d mm or more (Fig, 2.36). 

The echogenicity of the cavities is similar to that of 
follicles* Slight reflections can occasionally be seen in¬ 
side the cavity's fluid (Fig. 2*36).The luteinized wall is 

used to differentiate cystic corpora lutea from ovarian 
follicles. Whereas follicles are seen to lie embedded in 

the hyperechoic ovarian parenchyma, the cavity of the 
cystic corpus luteum is separated from the bright ovari¬ 
an tissue by its slightly less echoic wall of luteal tissue* 
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Fig* 237: Corpus lute urn of pregnancy with a central cavity 

(diameter 16 x IF mm)* This corpus luteum was found in a 
cow on Day 28 of gestation (see Fig. 2*38). 


Fig. 238: Uterus (arrows) with a conceptus (C) on Day 28 

with a simultaneously present cystic corpus luteum (see Fig, 

237) 




¥ 


Fig. 239: Four nan-cystic coipora lutea (1 

single o\'aiy after supcrwulation, Their length ranges from 24 

to 25 mm: their width from 13 to 17 mm. 


2, 3 and 4) on a 


l ig. 2,40: A Don-cystic and a cystic corpus lutcum (left) on the 

ovary 6 days before the onset of the next cycle. The corpora lu 

tea are indicated bv arrows. 
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hypoocKoic tissue lines (Fig. 239). The hulk of the 

ovary then consists of the hypoeehoic echo patterns 

which are typical for luteal tissue. The size and echo¬ 
genicity encountered in multiple corpora lutea is riot 

drjf'erent from the picture observed in single luteal 
glands. 

When multiple corpora lutea are present in a cow 

they can he of built, the compact and the cystic types 
(Fig. 2.40), Cases can be found in which only solid air* 

are present at i lie same time: sometimes the 
compact and cystic forms occur in adjacent corpora 

lutea and in other animals only the cystic forms can be 

visualized. 


As during the estrous c 


cystic corpora 

also lie found during the first weeks of pregnancy (Fig, 

237 and 238), After the third week of pregnancy' they 


i m 


i f 


are seen infrequently. The fertility of animals with a 

cystic corpus lute urn is the same as that of cows with the 

solid type of corpus lutcum. 

With the aid of ultrasonography the number of cor¬ 
pora lutea on an ovary can he determined quite accu¬ 
rately (DrianOOUrt et al. 19H8), In this manner the 

success of a supcmvukition attempt can be assessed and 

the numbe \ of embryos that could possibly be harvested 
can be estimated Where several corpora lutea lie close¬ 
ly together they are usually only separated by thin* 


pora lutea 
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C* L with cavity >3 mm 


* I. with cavity 57 mm 
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Rg. 2,41: The perLcnugc of corpora 


lutca with a cavity {>3 mm 


or 


>7 mm) during the estrous cycle in 
heifers (from Kahn 1989 a). 
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Fig, 2.42: The percentage of cor 

lulea with a cavity (5 3 mm or 

>1 mm) during early pregnancy in 
heifers (from Kahn 1989 a) + 


ra 


hi 


t\ L with cavity 


34 


C, l. without cavity 


lustrous cycle 


32 


30 


26 


24 


22 


20 




16 


14 


Fig. 2.43: The length of non-cyslie and 

cystic corpora hitca during the estrous 
cycle in 'lifers (mean ± SD; from 
KAlfN 1989 a). 


12 


10 


Days after ovulation 



















































WWW 


Carptmi ham \ ()3 




in 








2 . 2.22 

and non-cystic corpora lutea during the est 

rous 






■ 














r 






% 
















* 




% 


■ 


k 




■ 






■f 


9- 


1" 


■ 


1 


r 


in 


■ 


■i 




i 


■ 






■ 










■ 


*3 
















■ 


%J 


I 






B. 






■ 










■' 


■ 






i 




* 




■I 






■ 












■ 




4 




■ 






■ 


ek 


♦ 




■ 


iKXur 


1 ■ 


* 


that the pregnancy 










■* 


hi 














dining the cycle and early pregnancy 








m a 


if 


i 






r 


r, 












■ 










•I 




■ 






l 






* 


■« 


i 












9 




■ 




c 






■ 


H 


■ 






When cystic and non-cystic corpora lutea were 










-h 






Hi 


■ 


0 




■ 


■ 




m 






a 


■ 




■ 








g 


> 










9 


F 




P 


a 




















■ 


i i 




■ 






luteal gland had no 

itv in 


ilM 


on 


■ 


■i 


7 


H- 






■s 


mm 


■ 


1 


if 




i 




























■ 


pattern or 


■ *> 






n 




|M| 


4 


■P 




length of the two 


■ 








w 


Ti 


i 


■ 
























4 










■ 


■ 


■ 








■Is 


1 


■ 


h j 


F 


»■ 


















The incidence and the size 

without a 

and in 

that the cavity in cystic Cl reached its largest diameter 


of luteal glands, with or 




H 


limes. 


if 












+ 


9- 


■ 


k r. ■ 


p 








—t 


i 




■ 


■ 




I 


■ 


i 




r 


I 


k 




m 








■ 


K 




i 








■■ 




ii 








PI 8 ' 


mn: 


8 






» 


- 








i 


» 


k ■ 


.1- 


in 




■k 


p 


i 










i 






i 




■ 




a 


size, t ne lengm or cy 

that of compact forms 




At 




■■ 


h 


■ 


1 




■ 






■ 








i 




to 








■ 






■ 












m ^ * 


a 


p 


fell 


k 


■ 


■ 








B 




■■ 








.1 






k 






■ 


■ 




■ 


o 


I l ■ 












■ 


their largest size. Afterwards they decreased in inci 
dence and size with time. 
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The longitudinal diameters of the cavities of cyclic 

Cls and of CIs of pregnancy increased until about Day 

10 post ovulation when they measured approximately 

11 mm (Fig, 2,45 and 2,46). After that the longitudinal 
diameters of the cavities decreased by about 0.5 mm per 

day and measured only 5 mm at the time of the next 
estrns or on Day 21 of gestation. 

Similar increases and decreases were recorded for 
the transverse diameters of the cavities of luteal glands 

of the cycle and of pregnancy. These were, however, 
consistently a few millimeters shorter than those of the 
longitudinal diameters. From these observations it is 
clear that the cavities in corpora lutea have a predomi¬ 
nantly oval shape whkii largely follows the outer con¬ 
tours of tile glands. 

Since the cavities can reach a considerable size dur¬ 
ing the 1 irst 14 days post ovulation, it was suspected that 

cystic corpora lutea might contain less luteal tissue than 
their compact counterparts, and that they may thus 
secrete less progesterone. 

The total volume of c^tic and non-cystie luteal 
glands increased during the estrous cycle from a mean 
of 1984 mm 3 and 1329 mm 3 on the third day after ovu¬ 
lation to a mean of 6000 to 7000 mm 3 and 4000 mm 3 , 

respectively, in the middle of diestrus around Day 8 to 

13 of the cycle (Fig, 2*47), At the same time the cavities 

within the Cls grew t n >rn a mean of 170 to 400 mm 3 . Af¬ 
ter subtracting the cavity's volume 1mm the total vol¬ 
ume of the cystic corpus luteum, it became surprisingly 
dear that die cystic glands contained more luteal tissue 
than compact glands. The difference in the amount of 


luteal tissue between the two forms varied from 1000 to 

30 1 !l * mm3 in the period from the 6th to the 20th day of 

diestrus (Okuda 1982). 

A comparison of the development of luteal glands 

between those of normal diestrous and those of early 
pregnancy showed no significant differences. Overall, 
luteal glands of pregnancy were generally a little larger 
than those of normal liestnis. Similar to the observa¬ 
tions during the cycle, it was also shown that during 
early gestation cystic corpora lutea contained more 
luteal tissue than compact ones (Fig, 2.48), Even in 
their development of cavities cystic corpora lutea of 
pregnancy and of normal diestrus did not differ mark¬ 
edly. They also grew to a mean size of 11 mm by Day 8 

to 1“ land then continuously became smi Her {Ki i u ct al. 

1986). After Day 30 of gestation in cattle it is very rare 

to find a corpus luteum with a cavity* The disappear¬ 
ance of the cavities can be explained by the increase in 
thickness of the luteal walls of the Cls (Llidl ct al. 
1983). Very few cystic corpora lutea arc found in the 
fourth week of pregnancy. 

Studies completed thus far on the endocrine status 
of cattle with cither a cystic or a solid corpus luteum 
have shown no deficiency' in the progesterone secretion 

of the luteal glands with cavities (KAhn 1986, Krroet al. 

1986), *lhc mean plasma progesterone concentration 
over the entire cycle in cows w ith a cystic corpus luteum 

was maintained at the same level as that of cows with a 

compact gland. I he adequacy of progesterone secretion 

by cystic luteal glands was also demonstrated by using 
hCG stimulation. 
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Luteal tissue of cystic Cls 

Luteal tissue of non-cystic Cls 
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Fig, 2,48: The volumes of lion-cystic 
and cystic corpora lutea and their 

cavities during early pregnancy in 

heifers (mean; from KAhn 1989 a). 
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In some eases progesterone secretion of cystic luteal 

glands even exceeded the levels found in cows with 

compact corpora lute a. The tendency for higher plasma 

progesterone levels in cows 


are characterized by large anechoic areas. The dark 
fluid content of thecal follicular cysts hardly ever con¬ 
tains any reflections (Fig, 2,52), The lumina of lutein¬ 
ized cysts occasionally contain a network of echoes ( rig. 


cystic luteal glands is 


likely explained by the fact that they have larger 


amounts of luteal tissue. 


Among the sonographically visible ovarian cysts two 

distinct forms can he recognized. The one form has such 

a thin wall that its structure cannot be assessed (h’ig. 

.52), Most of these structures a re likely to be thecal fol¬ 
licular cysts. The second kind are ovarian cysts with a 
thicker wall. The latter is a few r millimeters • hick and 

usually hypoechoic (rig, 2.51), Its echogenicity is simi- 

to that of luteal tissue. The adjacent ovarian tissue 
usually appears uiher hypercchoic in companion to the 
cyst wall. These vesicular structures are likely to fall in¬ 
to the category of luteinized follicular cysts. If thecal 

and luteinized follicular cysts appear in 
actcrisiic forms, ue. with either a very thin or a very 

thick wall, respectively, their differentiation should pre¬ 
sent little difficulty. In the mixeti or transitional forms it 

would, however be rather more difficult to reliably dis¬ 
tinguish between the two types on their ultrasonic ap¬ 
pearance alone. 


! n conclusion, the studies completed thus far on the 
incidence, development and endocrine function of cyst¬ 
ic corpora lutea of the cycle and of pregnancy, with 
cavity' diameters ranging from a tew millimeters to 
2 centimeters, have no indication that they are endocri¬ 
nological ly dysfunctional. This conclusion is supported 
by the fact that the pregnancy rates of cattle with cystic 
corpora lutea are not decreased. 




2.2.3 Ovarian cysts 


their veiy char 


In their sonographic appearance ovarian cysts re¬ 
semble large follicles (Fig, 2,49 and 2.50). One distin¬ 
guishing feature is their larger size. In the case oi a lu¬ 
teinized follicular cyst its wall thickness can also assist in 

its identification. The sectional images of ovarian cysts 
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I'hc shape of cysts ranges from round lo oval to po¬ 
lygonal sometimes even angular* When they occur as 

single structures on an ovary they are usually muni 
When more than one cyst appears on ihe same ovary 

determined by the relative tensions in 

side adjacent cysts (Fig. 2*53). Their common, separa 
ting walls are often straight. Cysts with higher inner 
pressure will bulge into the lumen of cysts with lower 
pressure. Commonly, smaller vesicles bulge into larger 

cysts. 


cysts can also be found in the presence of an intact preg 

nancy (Fig* 2.55 and 2*56). In single cases ovarian cysts 

have been detected as late ns the third month of gesta 

tion 


-fa 


As a result til their extensive fluid content and their 
resultant typical sane 

are easy to diagnose. Thecal follicular cysts are recog 

nixed by their thin, hyperechoic walls. Luteinized cysts 

can he diagnosed if they are more than 4(1 mm in 

diameter, their walls are thinner than 5 mm and they 

persisl unchanged for a protracted period of t ime. The 

images of small luteinized cysts with thick walls can 

sometimes appear similar to those of large cystic 

corpora lutca i Fig, 151,2.57 and 2,58), In the few cases 

where a structure with a particularly large inner cavity 

found it may not be 
possible to differentiate reliably between a cystic corpus 

lutcum and a luteinized follicular cyst 


i c appearance ova nan cysts 


i 


Not all follicular cysts that can be seen monograph 
ically on ovaries of cows can be considered to have a 

pathological effect. Such cysts have been found during 

ultrasound examinations w here a distinct corpus lutcum 
of the cycle was present simultaneously (Fig 

such cases the corpus lutcum is usually the structure 

that determines cyclic events, which can be normal with 
pregnancies resulting from an involved cstrus, ( Kurian 
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Fig. 2.57: Cystic corpus lutcum (arrow’s) with a very large cav 
itv 14 days after ovulation. The next cstrus of this cow oe 
amed at the normal time. Mild re flections arc visible inside 
the lumen of the corpus lutcum. 


I ig, 2,58: I^rge cystic corpus lutcum (between the crosses) X 
days a her ovulation. The corpus lutcum measures36 x 27 mm 

am! ib cavity 13x9 mm 
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Fig- 2,59: Ovary with a granulosa cell tumor (arrows). During 
the last 3 weeks prior to ovariectomy, ilie cow had a plasma 

progesterone concern ration of < 1,0 ng/mL i here are numer 

oils liypocchok: cn>ss sections through Nix*i vessels in the 
dorsal part o( the tumor. Hie ventral pan uf the tumor shows 
the cchogen id tv ivpid of solid t issue * 


Eng, Cross section through the same ovarian tumor ana 
logons to the examination plane as in Fig, 2,59 
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2,2,4 ( van an tumors 


Both ovaries were removed by ovariectomy. On 
pathological examination the left ovary was diagnosed 

to contain a soccer-hall-sized granulosa cell tumor with 
a few areas of h) \ lervuscularity, The right ovary also had 
changes consistent with a granulosa cell tumor. 

The described ultrasonic picture of a granulosa cell 
tumor is not necessarily typical of this type of ovarian tu- 

in this single case the tumor was very 
compact and its echoic sectional image was only inter¬ 
rupted by hvpocchoic lumina of blood vessels, ()ther 
cases of granulosa cell tumors have been described as 

being more polycystic (Andrcscn et al + 1986), This type 
of granulosa cell tumor should then result in a sonogra¬ 
phic image which is more commonly seen in cases of the 
same tumor in horses (White and Ai t i n 1985, KAHN 

and LeU 3I 1987 i, These often have a strong capsule of 

connective tissue underneath which lies a labyrinth con- 
taining numerous cystic structures (see chapter 1,2.5), 

The contents of the cysts may be serous or hemorr uigjc 

and therefore generate an anechoic or moderately 
echoic image on ultrasound examination. 


Ovarian tumors are rare in cattle. The ease de¬ 
scribed here concerned a three and half year old cow. 

Nothing conspicuous was noticed about the cow during 

the first two months post parlum. Once 11 ie cow showed 
cstrus she was to be inseminated. When this was tried a 

structure twice as large as a child's head was palpated in 

the area of the left ovary. The right ovary was also en¬ 
larged, During an observation period of another 3 

weeks the cuw developed signs of nymphomania and re¬ 
peated plasma hormone determinations revealed pro¬ 
gesterone concentrations of less than 1,0 rig'ml* 

The sonographic image of the tumor contained two 

(Fig. 2,59), Hypoechojc transverse sec¬ 
tions through numerous vessels were seen in the dorsal 
section of the tumor. The remainder of the tumor con¬ 
tained a coarsely granular echogenicity, producing an 

image of mixed tissue which was traversed by numerous 

cross sections of smaller vessels. The adjacent areas of 

brighter and less bright echoes reflected the compact 
nature of the tumor interspersed with islets of waxy tis¬ 
sue (Fig, 2,60), The outline of the tumor could be seen 

and measured. 
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in the case of a pregnant uterus* its wall and the em¬ 
its lumen will be sectioned at various 

levels. Only very rarely is it possible to depict the whole 

length of an embryonic vesicle (see chapter 23.2,5). 

When using a suitable sector scanner* its greater 
maneuverability inside the rectum permits the operator 
10 project a greater variety of sections through the utcr- 

64). The fan shaped ultrasound 
plane can be rotated from the longitudinal axis of the 

animal, through various steps all the way to a perfects 

transverse position. In ihis manner it is 
the sound waves directed dorsoventrally and transverse¬ 
ly to the animal, to project a cross section through the 

plane of examination* a total of 4 trans¬ 
verse sections through the left and right uterine horns 

can lie depicted simultaneously. These include 

lions through the dorsal parts u:i the uterine horns and 

laterally below them 2 cross sections of the ventral parts 
of the uterine horns. 

With the probe guided appropriately along a suitable 

path, the winding of the uterine horns from medial to 

lateral can be followed. Doing this creates the impres¬ 
sion that the tips of the uterine horns curl more dorso- 

caudallv during the luteal phase than during the days 
just before and just after estrus , i Pit rson and Ginther 
1987). During the periovulatory period the horn ends 
are directed more horizontally in the cau do lateral di¬ 
rection \\ iilumt rolling up in the dorsal direction. The 
lesser curvature describes a larger radius during this 

lime than during diestrus. 1 lie s 
uterus is therefor most pronounced during the phase of 
elevated progesterone concentrations. 


3 l ferine structures 

2.3.1 Non-pregnant uterus 


cow 


bnonic vesicle in 


When a linear ultrasound probe is positioned dorsal- 
ly above the uterus and the sound beam is directed 

dorso-vcntraUy* a longitudinal section of the organ isob- 

tained (Fig. 2.61). Rotating the probv digluly to the left 
and right brings the uterus with its horns into view. Its 

outline with the larger uterine curvature becomes clear¬ 
ly visible. The latter is a distinct narrow* hvpocchoic line 

which separates the uterine wall from the usually some¬ 
what more echoic surrounding tissue. The lesser curva¬ 
ture - the mesomcirial edge of the uterus - is usually less 
obvious with a variable intensity. When the uterine tone 
is high* such as in oslrus, it has* as with the larger curva¬ 
ture* a U-shaped* arched appearance. The dorsal and 

ventral actions of the same horn are at other tunes of- 


(Fig. 2.63 and 2 


us 


uterus. In this 


*> 


see 


ten mi close to one another that they are separated by 

only a single* hyperechoic line, or diverge at a very acute 
angle. 


t he entire length of the spiraling uterine horn can 

single image if the uterus is 
optimally positioned and the probe is directed at an 
acute angle in relation to the longitudinal axis of the 

cow. In addition, the ultrasound beam must be rotated 


slightly from donoventral to dorsolateral. In the major¬ 
ity of eases it is impossible to depict i lie entire curvature 
of a horn in a single image, lastead* by virtue of its cur¬ 
vature, the uterus can be sectioned at several places 

linear scanner, between two and 
four sections through the uterine horn can often be 

visualized in a single image (Taverne et ah 1985). Also 


ig. 2.62), Using a 
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Rfi- 2.66 : Uterus of a cow during diestrus 8 days [**1 ov jLi 
lion. Eh ilie ventral sector of the hum a fluid accumulation can 

be recognized (small arrow), l^arge demarcate the 

greater curvature, 
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surfaces of the endomeirium (1 ), Large arrows indicate the 

greater curvature, small arrows the lesser curvature. 
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Fig. 2.67; Sagittal section through □ uterus during cstrus, Fig. 2,68: Sagittal section through a uterine horn during 

There is a few millimeter thick, hypocchoic area, representing estms. A prominent accumulation of secretions is 

estrous secretions (S), in (he ventral part of the horn. Arrows the tip of the hum (arrows). 

demarcate the greater curvature. 
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Utenis 


The section through the uterine wall contains granu- 
lar, variably structured shades of echogenicity- In the 

center ol the organ the appositioned surfaces of the lu¬ 
minal epithelium often produce a hyperechoic line ■ tig. 
2.65), This runs along the middle of the uterine section, 
from the tip of the horns up to and through the cervix. 
! arge* coherent and anechoic fluid accumulations are 

not normally seen during diestrus* Depending on l he 


stage of ihe cycle, smaller, thread like cavities a few mil¬ 
limeters thick can be found in the uterine lumen (Fig, 

2.66 to 2.68). These are usually seen during estrus, but 

can also occur during destrus. They arc free of echoes 

and can be seen in various of uterine sections (Pu-rson 

and GtNTHER 1984 a). During cstrus the amount ofac* 
cumulated secretions in the uterine lumen varies con¬ 
siderably and may reach several centimeters (Fig. 2.68). 
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trill diameters os a uterine hum 


from the thin fluid nocirniillations there 
and lesser echogenicity in the uterine wall. Amiw -j demarcate 
the gjeater cm Mil me. 
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Fig. 2.70: Mean dorsal, cranial and 
ventral diameters of nun-pregnant 
incline horns during the estrous 

cveie in heifers. 
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Fig. 2.71; The percentage of cows 
in which a sonogrnphicaUy detect 

ahle fluid accuniuintjnn could he 
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Several investigations were conducted to test 

whether any correlations between ihe stage of the cow's 

cycle and i ne ultrasonic image of her uterus existed. For 
this purpose the diameter of the uterine horns, intra¬ 
uterine fluid accumulations and the sonographic ap- 
pe li ranee of the uterine wall were determined in a total 

of 5 1 estrous cycles of 12 heifers. 

ITie thickness of the uterine horns could he mom* 

tored by measuring the changes in the dorsal, crania) 

and ventral diameters of the uterine horns (Fig, 2.69), 

All three diameters were largest at the time of estrus 

(Fig* 2.7 ))- They decreased significantly during met- 

estrus until the beginning of diestrus. The uterine 
horns then became thicker again to reach their widest 
dicstrous diameter during the middle of cycle, between 

On, or about Day 16 a substantial 
decrease in the uterine horn diameters occurred. The 
thickness of the horns increased again until the next 
estrus. Overall, a cycle dependent change in the thick¬ 
ness of the uterine horns could be demonstrated (Vot l- 
MERHAUS 1957, Pierson and Gjnther 1987). Through¬ 
out the cycle their thickest portion was the ventral, 
curved section of the horn. At the cranial and dorsal 
measuring sites the diameters were approximately 1 to 
4 mm thinner. 

In a large proportion of cow^ fluid accumulations are 
sonographicaliy visible in the uterus at the time of estrus 

(Pii rson and Ginther 1984 a). They are detected in 

about half the heifers on the day of estrus and in about 
one third of the heifers during the few days just prior or 
after estrus (Fig. 2.71). It is interesting that fluid accu¬ 
mulations can also occasionally be demonstrated during 
the early and mid luteal phase. The most nrequem site 
of the fluid accumulation lies just distal to the larger 
curvature of the uterine horn in the part that winds cau- 

dolatc rally, Fairly frequently, however, hvpocchoic 

areas can also be found in other parts of the uterus. The 
size of the fluid accumulations can vary markedly in 
non-pregnant uteri. During estrus and diestrus fluid ac¬ 


cumulations measuring 30 to 41) mm in length and 5 to 
H) mm in width can occur. 

The fact that fluid can also be found in the non-preg- 
nant uterus is of considerable importance for the sono¬ 
graphic diagnosis of early pregnancy. Since secretions 
can be present in the uterus at any stage of the entire 

estrous cycle, even if no conception has taken place, the 
mere detection of a fluid accumulation should not be in¬ 
terpreted as a reliable sign of pregnancy. Pregnancy can 
only be diagnosed when embryonic components can be 

identified with certainty. 

m 

Particularly during procstrus. estrus and metestnis a 
layering of the uterine wall into a hv poedtoic, adluminal 
zone and a more echoic peripheral zone is recognizable 

(Fig. 2.72). During this period one third to a half of all 

a heterogeneously structured uterine wall. In 
about one half ol those cow's in which the structure of 
the uterine wall was examined ultrasonically during nor¬ 
mal estrous cycles, a heterogenous structuring of the 
uterine wall could be recognized on i lie day of estrus. In 
the other half of the cows the uterine wall 
be homogeneously structured. During met estrus be¬ 
tween 28 and 53 % of the cows still had heterogenous 
uterine walls, 1 ,t initiated uterine walls could only be 
seen in a few cows during diestrus but in the majority' of 
cases [he uterine wall was homogeneously structured. 
During the days preceding the following estrus the per¬ 
centage of heterogeneously structured uterine walls in¬ 
creased again to reach 50 %. 

a result of the edema of its more superficial layers 
and the accumulation of secretions, the inner areas of 

the uterine wall will become less echoic during the es¬ 
trogen dominated stages of the estrous cycle. This leads 

to the layered image of the uterine wall. This seems to 

be a similar phenomenon to that observed in estrous 

mares where the edematous endometrium is distinct 

from the more dense tissue of the myometrium 

(Ginther and Pifrson 1984, Kahn and Lfidl 1985). 
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Fig. 2.74: I ; terus on Day 12 of pregnancy, Hypocchoic sec¬ 
tions (small arrows) through the embryonic vesicle arc visible 

al places. The outline of the uterine horn is demar- 

armws. U Itrasonogram produced wi th .sec- 


2.73: Embryonic vesicle with embiyo (K) from a cow on 

(removed from the uterine lumen). The 
allantochorii mj tc vesicle stretches thread like from the tip ol 
tine uterine horn to the other. In the pregnant horn the in¬ 
crease in embryonic fluid leads to an enlargement in the trans¬ 
verse diameter of the vesicle. 


i. ■ ■ i ■ 


ealed by the larger 


tor scanner 


I 


Ffe, 2.75: Bovine uterus on Day 1 
echoic section (large arrow) through the embryonic vesicle is 

visible in 1 lie ventral pan of ihe uterine horn. 'ITie greater and 
lesser curvatures are demarcated by small arrows, Ultrasono¬ 
gram products w ith sector scanner at 5 MHz. 
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only its length increases. Between Days 

17 and 20 of gestation, sometimes even earlier, hypo 
echoic sections through the embryonic vesicle are vis¬ 
ible in various sectors of the pregnant horn of the uter¬ 
us, In most cases these minute fluid accumulations arc 

sections through the chorionic vesicle. At this stage it 

lies thread like in the uterine lumen and contains very 

little fluid (GrELNSIHN and FOLEY 1958). Around day 
19 the embryonic vesicle will form a slight distention 

near the middle of the pregnant horn, in the 
same area where the fluid first became visible. 

Sonographic imaging of the embryonic vesicle at this 

early stage is difficult and thus unreliable. For example 
experience was made that a fluid filled vesicle could be 
detected in some cow’s between Days 11 and 13. but not 
between Days 14 and 17, although the cows were later 
found to be pregnant. The maximum diameter of the 
fluid accumulation in early pregnancy before Day 20 
reaches not more than 2 to 3 mm (BftteridCjE et al, 
1980). The largest diameter of the embryonic vesicle 
therefore lies at the lower limit of resolution achieved 
even by high performance uiirasound equipment. While 

it seems feasible that ultrasonography can be applied 

successfully for research purposes to study early preg¬ 
nancy, it is not possible to use ultrasonography as a tool 
for the reliable pregnancy diagnosis before Day 20 
K . : i k et al. 1989). From a differential diagnostic 

point of view the hypoechoic fluid accumulations can¬ 
not he distinguished reliably from similar images seen 
during estrus. diestrus or in certain pathological condi¬ 
tions. 


10 until Day 18 


2.3.2 Pregnant uterus 


From Day 15 of pregnancy the embryonic vesicle of 

the bovine wilt be a thin, thread like tube in the uterine 

lumen (Betteridge et al. 1980), By Day 20 it will 
stretch from Lite lip of one uterine horn to the other and 
have a total length of up to 1 meter (Winters et aL 

1942, Chapeaux el a]. 1982). Until Day 25 the cross 

sectional diameter of the allantochor ionic and amniotic 

vesicle is still so small that a fluid filled embryonic 
vesicle can only be detected by using higher frequency 
ultrasonography of 5 MHz or more (KAi in 1 985). From 

around Day 25 the amount of fluid in the allaniocho- 
rionic vesicle increases rapidly so that also the embry¬ 
onic vesicle's transverse diameter becomes considerably 

greater (Fig, 2.73). 


2.3.2.1 Day 10 to 20 of pregnancy 


If cow's are examined monographicaily eveiy day after 
insemination a minute fluid accumulation may become 
apparent between Days 10 and 17 of the cycle (Fig. 2.74 
and 2.75). The fluid will lie in the horn ipsilateral to the 
corpus lute urn (Curran et al. 1986 a). It will appear as 

thin, anechoic areas that are round in shape in three 

quarters of all cows and measure 2 to 4 mm in size 

(Pie rson and Genther 1984 a). In approximately one 

third of the pregnant cows they will he elongated and 
are 2 mm thick and 3 to 7 mm long. The diameter of the 

embryonic vesicle appears to remain constant from Day 
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Fig. 2,7li: Uterus on Day 21 of pregnancy* The hypoechoic 
area of the embryonic vesicle (V) has a size of 9,5 x 4 mm. 

Ultrasonogram produced with a sector scanner at 5 MHz. 


Fig. 2.77: 1 hems on Day 22 of pregnancy. The largest fluid 

collect ion inside the embryonic vesicle (V) is located in the 
ventral portion of the uterine hom. Arrows demarcate the 

greater curvature. 


Fig. 2.78: Uterus on Day 23 of pregn a ncv. The embryo (H) lies 

at the floor of the vesicle. During real lime scanning pulsation 

was 

gram produced with sector scanner at 5 MHz. 


Mg. 2,79: Uterus on Day 24 ol pregnancy. The allantoic mem 

brane (arrow) floats inside the embryonic vesicle. 


able in the area of the developing heart. Ultnraono- 
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on ! )ay 30 Fig, 2,80), In the bovine, the allantoic ves¬ 
icle undergoes particularly rapid growth in length 

(Salisbury ei al. 

1978). By Day 32 to 37 the allantois wilt line the entire 
inner surface of the chorion. 

During this earliest phase of the sonographic preg¬ 
nancy diagnosis particular attention must he paid to 
confirm that the observed fluid accumulation is intra¬ 
uterine, There is always the pitfall of confusing the 

blood vessels that run on the surface of the uterus with 

fluid accumulations within the uterine lumen (Taverne 
et al. 1985). Finding the conceptus with certainty at this 
stage requires a thorough sonographic examination of 
the uterus. To establish an accurate 

times take several minutes. 


23-2*2 Day 21 to 24 of pregnancy 


Between Days 21 and 24 of gestation the amount of 
fluid inside the embryonic vesicle has usually increased 
to such an extent that it becomes easier to visualize by 
ultrasonographs ■ Fig, 2*76). At the site of its greatest 
cvpansioit, usually in the area of the amnion, the em¬ 
bryonic vesicle reaches a diameter of between 3 and 5 
* 

mm and a length of about 1 cm on Day 22 of gestation 

fluid accumulation is most 
frequently seen for the first time distal to the curvature 
of the uterine horn, in its free, winding section (Fig. 
2,77). Tliis is also the site where the embryo and its sur¬ 
rounding amnion become detectable for the first time. 

Before Day 25 of pregnancy it can often be difficult 
to find the embryo itself. Sometimes its presence can be 

suspected* but it is difficult to differentiate it from other 
echoic structures, feather frequently* though, it can be 

identified without doubt (Fig, 2,78), t he length of the 
embryo between Days 21 and 24 is about 5 mm (Cur¬ 
ran ct al, 1986 a). Occasionally it is even possible at this 
time to sec a heart beat in the form of flickering echoic 

points. 

The non-prcgnant status of a cow can, under certain 
circumstances, be diagnosed around Day 20 to 23 post 
insemination. In these cases one would base the nega¬ 
tive pregnancy diagnosis on [lie small size of the corpus 
luteum (largest diameter < 20 mm) and the absence of 

fluid in the uterus (k \steuc ct a). 1989). A positive 

pregnancy diagnosis can only be made with certainty 
once an embryo has 

A thin, hyperechoic and towards the rip of the horn 
bulging membrane can sometimes be seen inside ilie 
embryonic fluid at about this stage of pregnancy (Fig. 
2.79). Based on its position and the time of its appear¬ 
ance it Es assumed that it represents the allantois (Cur¬ 
ran et al, \ 986 b). This thin* slightly floating membrane 
is only visible for a few days. According to experiences 
made thus far it is most frequently detectable on Days 

23 to 26 of gestation. In some cases it may still be seen 


iround the 23rd day of pregnancy 


is can some 


been identified. 


Fig. 2,80: Uterus on Day 28 of pregnancy'. The membrane of 
the allantoic vesicle bulges towards the tip of (he uterine horn. 

Ill the area where the sound waves impact vertically onto the 

allantoic membrane an intensive echo (arrow) becomes visi* 
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Fig. 2Ji2i Embty onie ves ide on Day 26 of pregnancy, Two sec- 

They appear 


Fig. 2.81: E 

pregnancy. 
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Fig. 2.83: Nuclear magnetic resonance image of a uterus on 

Day 26 of pregnancy. In the pregnant horn three folds oi the 

uterine wall protrude into its 

and one rrotn dorsal to ventral (huge arrow). Lateral to the 
horns are the ovaries (Ov) 


Fie. 2.84: Vesicle and embryo (E) on 
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ptillar sectors (K 2 and 3) t Arrows demarcate the outline of 
the uterus. 
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beam directed dorsovent rally with a slight lateral devia¬ 
tion. 1 his produces a sagittal section through the uter¬ 
ine h im which is characterized by the echoic, curved 

uterine wtiII surrounding the anechoic embryonic ves¬ 
icle. It is usually not possible to position the sonographic 

plane in such a way that the embiyonic vesicle is 

simultaneously visible in all parts of the hom. More of* 
ten, only various segments of the embryonic vesicle will 
be depicted (Fig. 2.82 to 2.84 ) f The fluid sac of the cm- 
bnonic vesicle Is interrupted in places by folds of the 

uterus which project into the lumen. "This creates a 
pseudo-ampullar image ( KA1 in et al* 1989). These folds 
and their spatial arrangement can lie demons[ ated very 
well on NMR scan pictures (Fig, 2,83). Typically, 2 to 3 
anechoic sections through the chorionic vesicle are vis¬ 
ible on a single ultrasound image at Day 25 of gestation 

(Fig. 2*82). More sections through the embiyonic ves¬ 
icle will become visible during the next few days so that 
4 to 6 sections can often he seen by Day 30 (Fig. 2.84), 


2.3.23 I )ay 25 to 30 of pregnancy 


On Day 25 of pregnancy the embryonic vesicle of the 
vine reaches a diameter of 10 mm at (he point of its 
largest expansion. By slight rotations of the ultrasound 

probe the course of the embryonic vesicle can be fol¬ 
lowed into much further areas of the free segment of 

the pregnant uterine horn at this stage. It also stretches 
through ihe curvature of the hom into the part where 

the two uterine boms are fused to form the uterine 

body (Fig. 2.81). Until Day 30 the diameter of the cm* 
brvonic vesicle increases to 18 to 20 rrimi and is then al¬ 
so visible in the contralateral hom (Cham aux et al. 
1982, Curran et al. 1986 b). In the contralateral horn 
is much narrower with a diameter of 4 to 8 mm. 




The course of the pregnant uterine hom - with its 

the ventral bend and the caudally direc¬ 
ts best demonstrated if the probe is posi- 


dorsal segment 


ted portion 

tkmed above the uterus with its sound plane oriented 

along the longitudinal axis of the cow’s body' and the 
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Bfi; Vcsidc and embryo (ti) nn Day 31 of pregnancy 


Fig. 2.H5: 


The emhiyo lies adjacent 


The cnihmi ts starting to move away from the uterine wall 
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Fig. 2Ji7: 

at 5 MHz. Vesicle and cmbiyo (E) on 
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32 of pregnancy. 


at 3.5 MHz. Vesicle w ith embryo (E) oii Day 32 of pregnancy* 

md the embryo are difficult to recognize* 
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starts contracting rhythmically (SALISBURY et ah 1978* 

Noden and die Lakunta 1985 h) 

'Hie earliest time at which pregnancy can be diag¬ 
nosed depends very much on the sound frequency and 

the quality of the scanner used (Fig. Z87 and 2*88). 

Using a 5 MHz scanner it should he possible under 
practice 1 conditions to demonstrate the embryonic ves¬ 
icle with relative case by Day 25 + From this Day the ab¬ 
sence of fluid from the uterus indicates with reasonable 


Hie use of a high resolution scanner will ensure that 

the embryo can be detected in all cases of bovine preg¬ 
nancy between Days 25 and 30 (PlERSON and GiNTHER 

1984 a). The embryo's echogenicity' is a little more in¬ 
tense than that of the neighbouring endometrium (Fig. 
2*85 to 2.87)* Since the embryo lies very 7 close to the 
uterine wall for the first month of pregnancy', it may 

prove difficult to find (Fig, 2*85). It projects from the 

wall into (he anechoic uterine lumen and can he identi- 


the cow is non-pregnani* If, in addition to 


fied by the presence of a heart beat. The embry o Marts 
to moves away from the wall during the next few days 
and by Day 30 it is completely surrounded by fluid Tig. 
2,86), To identity the embryo accurately its echo must 
be examined carefully to differentiate it from the reflec¬ 
tions of other structures. Especially in the area where 

the sound waves impact vertically other structures may 
produce very intense echoes. Such areas include the 

sites where the allantoic membrane is exposed to verti¬ 
cally impacting sound waves which then generate veiy 

bright echoes. More ultrasound is returned from the re¬ 
flective surface vertically oriented to the transducer, 
thereby creating the impression of a very intensely 
echoic structure (Hassler 1984). 


certainty 

the embry onic fluid, l he embryo is visible a positive con 
firmation of pregnancy' has been obtained. Under cer 


tain conditions the detection of an allantoic membrane 


a few days prior to the detection of the embryo is pos¬ 
sible and may be taken as a positive confirmation of 

pregnancy. 

While it is possible with a 5 MHz scanner under 

field conditions to deliver a reliable pregnancy 

between Days 25 and 3D, this is only possible at a later 

stage if lower frequency probes are used, due to their 

rer resolution (Taverne ct al* 1985, Ciiaffaux 

ct aL 1986, 11 wzen and Dlijsaux 1987) 

qucncy of 3 to 3.5 MHz, the demonstration of the em¬ 
bryonic vesicle and the embryo is usually delayed by 
about 5 dap. At a frequency of 3 M3 fz the embryonic 
vesicle is visible after Day 25 and the embryo after Day 

30 (‘ mnturier et al. 1983), Studies on the accuracy' of 

ultrasonic pregnancy diagnoses indicated that at low 

frequencies of 3 or 3.5 MHz an accurate negative 
diagnosis could be made by Day 35 to 40 and a positive 
diagnosis not earlier than from Day 45 (Taverne et al. 

1985, Chaffaux et at. 1986). 




. With a fre 


On average, the length of the embryo increases 
from 5 to 12 mm in the 


period from Davis 


25 to the 30 


of pregnancy i Pierson and GiNTHER 1984 a. Reeves 
ct al, 1984, Curran ct at, 1986 b). If it is dearly visible 

its heart beat should also be delectable. The heart is the 


first organ of the bovine embryo that can be identified 
by ultrasonography, (r can be detected only a few days 
after the very first cardiac contractions occur during the 
course of organogenesis. Around Day 20 the heart 
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J in, 2. 1 K*: Photograph of an embiyo with fiinouiiiflSng amnion 

and adjoining aflaniochor ton (Al) on Day 37 of pregnant^ 

(specimen remo\ , ed from the uterus}. 


Day 33 of pregnancy. "Hie amnttm forms a thin membrane 
which surrounds the embryo. Ultrasonogram produced with 
sector scanner m 5 Ml 1 1, 




























Kip. 2.93: U11 ra$o n ngni m oi a cpneSptuSwith embryo (fj) and 

a single placcntomc (P) on Day 33 of pregnancy. The placcn- 

tome protrudes bud-like into the lumen. 


Kig* 2,91: Concept us with cnihrto and amnion (A) on Day 40 
of pregnancy* The head of the embryo with the oncdioic 

round area of the developing eye (arrow) lies towards the left 

Hie crown-riitrip-l^ngth (CRLj Ls 20 mm. U11 rasonogran i 

produced with sector scanner 
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2.3.2.4 Day 31 to 4( 1 of pregnancy 


diameter varies between different sectors of the vesicle 
and there are also differences between individuals, 

examination the embryonic vesicle may 

undergo changes in diameter due to intestinal and 

uterine movements. It is thus noi rare to find variable 

vesicle diameters when these are measured during a 

single ultrasound examination. 

The placemomes also become visible for the first 

time between Days 30 and 40 (Tig. 2,92). On average, 
the first appearance ot knob like protrusions can he 

expected around Day 35 (Curran 1986 b). The first 

signs of placentomes are usually noticeable in the area 
near the embryo. 


'Hie crown-rump-lentil (C’RL) of the embryo 
reaches 12 mm around Day 30, 15 mm by Day 35 and 

20 mm by Day 40 (Pu rsqn and Ginther 1984 a). 
Occasionally around Day 
the amnjotic vesicle becomes apparent (Fig. 2.89 and 

2.90), A few millimeters away from the embryo it forms 

a very thin, arched, hyperechoic line which surrounds 
the embryo. 

Around Day 40 the mean diameter of the embryonic 
vesicle is about 2.5 cm and the CRL of the embryo 

(Fig, 2.91). The sizes of embryonic vesicles 

vary, however (MOller et al. 1986), Sometimes the 


Even during an 


30, but usually around Day 35 
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28 Ultrasonography in the cm- 



Ftg. 2.93: Uterus on Day 47 of picgnuncy. The amnion (A) 
will: the embryo drifts in the dorsal part of the embryonic ves¬ 
icle. The head (II) lies on the right: 4 transverse sections 
through the front and hind extremities urc discernible. 



Fir. 2.*M: Median section through a Ictus on Day 57 of pregnancy. Obvious 
ossification centers (O) arc visible on the head. Hie umbilical and (U) 
nins in a dorsal direction and (lien follows a course along the uterine wall 
towards the right. To the right of the umbilical and arc the echoes of a 
hind limb. 


by Dr.Stator & Saraajka 
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include the demonstration of embryonic or fetal stmc- 

uircs, respectively. From the diagnostic point of view 

the only organ that is available at this stage of pregnan¬ 
cy is the beating heart. In contrast, after Day 40 the out¬ 
line of the fetus with its head, extremities and umbilical 

cord become visible ( Fig. 2.94). From Day 35 to Day 45 

die son ograph teal ly visible changes that transform the 

undifferentiated* primitive embryo into a fetus with a 
distinct body form, take place(WiNTLRS ct at, 1942), At 
this lime. Erst ossification centers can be noticed in the 

vertebrae, ribs and pelvic bones, on the upper and lower 
jaws, on the femur and humerus as well as on the radi¬ 
us. ulna and tibia. 


2.3.2.5 Day 4J to 90 of pregnancy 


From the first day of detection between Days 20 anti 

30 until Day 50 the embryo grows at a rate of approxi¬ 
mately 1 mm per day (PlERSON and GlNTHER 1984 a. 
KAhn 1985), By Day 50 it would thus have a CRL of 

about 35 mm (Fig, 2.93). The cross sectional diameter 

of the placental vesicle also increases appreciably be¬ 
tween Days 30 and 70 of pregnancy* It reaches 25 mm 
by Day 40 t 35 to 40 mm by Day 50 and 50 to 60 mm K 

Day 70 ( Kahn 1985, Curran et al, 1986 b). The largest 

dilation of the uterus usually ruxurs in the area of the 

embryo, while the embryonic vesicle in the contralateral 

hom can be substantially narrower. 

Around Day 40 a stage is reached when the sonogra¬ 
phic examination of the pregnancy can be extended to 
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Fig, 2,95: Sagittal section < i ugh a preen unit uterine horn on 
Day 41 of pregnancy. The an echoic conceptual vesicle up* 

pears to be divided by folds of the uterine wall into 4 
4) comp artn units 


Fig, 2,96: Photogn&ph of a sagiiLiliy opened uterine horn on 
Day 55 ni pregnancy, 'I he folds of the uterine wall lead to the 
eompartmentalization of the pregnant uterine h in 
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Fig. 2,93: Photograph of a sagittally opened, pregnant uterine 
horn on Day 7H of pregnancy. The folds of the uterine wall 
straighten out as the pregnancy progresses 


Fig, 2.97: Nuclear magnetic resonance image of a uterus on 
Day 55 of pregnancy, Inside the pregnant horn are folds (ar 
rows) that reach vertically into the lumen, as well as placet! 

tomes i P), On the right is the twaiy (CTv) with a Cl; on the left 

is the non-pregnant horn (nph).The head (H), spinal column 

<S> and the bright echo of the liver am be recognized. 


■ 


? 




diva 


i 


AV 






ft? L r i 












L I 


lul 



























































































































WWW 


hvgmncy 131 


The pseudo-ampulii iy appearance of the pregnant 
uterus tsparticularly pronounced during the 2nd month 
of pregnancy (Fig. 2*95). At this time numerous well de¬ 
veloped uterine folds bulge into the lumen and divide 
the early pregnant uterus into compartments < Kaiin et 

ah 1989), In a sagittal section through the uterus the 

folds run virtually in straight lines between the larger 

and lesser curvatures of the pregnant hom> They are 

sickle shaped and project often 2 to 3 cm high into the 

uterine lumen (Fig. 2.96), They stand almost vertically 
to the outer surface of the uterus and are arranged 

transversely* in the form of circular folds, in relation to 

the longitudinal axis of ihc uterine lumen (Fig, 2.97), 

Their regular spacing and their prominent infolding 

form a pscudo-compartmenializalion of the uterine 

horns. 


results until Week 6 of pregnancy. At this frequency the 

resolution is high enough to detect even small fluid 

accumulations as well as ihc still small embryonic struc¬ 
tures, In addition, the scanning width of about 5 cm of 

the 5 MHz probe and its scanning depth of about 9 cm 

are adequate to rather completely depict the concept us 
which is still quite small 

The lower frequency ultrasound with its deeper 
scanning depth has important advantages during the 

more advanced stages of pregnancy. As a result of the 

deeper field of view, larger parts of organs and wider 
segments of the pregnant uterus can be depicted. When 
a 5 MHz probe is used the CRI. of a fetus may not be 
measurable after Day 60. Around this time the CRL 

reaches 6 cm which is the maximum scanning width 
of most 5 MHz linear probes (WHITE ct al 1985). If a 

lower frequency probe is selected the fetus may still be 
scanned in toto until Day 90, 


As pregnancy continues these circular folds of the 
uterine wall gradually retract so that by Day 70 the com¬ 
part mental ization becomes less prominent (fig, 2.98). 

If a linear scanner is used for the sonographic exami¬ 
nation of the conceptus a 5 MM/ probe will give good 
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s in .i uterus 


, 102 : Uterus with the hypereehoic amnkrtie membrane 

(arrows) which separates the echoic amnio tic fluid from the 

bfc allantoic fluid. Pregnancy on Day PM. 


Fig, 2*101: Njumerom, tig) 

nn Day 1 l M l if pregnancy* Between the p L i ec rtlci mes* i sect ion 
through the amnio tic vesicle (Am) with its more echoic am 
niotic lluid can be seen. Hie jHiuMoil fluid (Ail Is much more 

hypocchuic. 
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.2.6 2nd and 3rd trimester of pregnancy 

In ads a need pregnancy the sonographic examination 
fetus gains importance (see Chapter 2.4.1). Apart 
n the fetus, the place n tomes. as well as the mem- 
ol the amnion and allantois and their fluids can 
demonstrated. 

The plucentomcs bulge into the uterine lumen in 
characteristic appearance (Tig. 2.M9). During the 
id and third trimesters of pregnancy they are fre¬ 
ly surrounded by a 1 to 2 mm thick, very hyper- 
tic border (Fig. 2.100) Their inner echoes are of 
crate intensity. A tree like, more echoic inner strue- 
can occasionally be seen in their centers. In many 
the placentomes lie so close to each other that 
of them can he seen on a single sonographic im- 
(Hg. 2.101). 

Whereas the umniotic fluid remains ancchoic during 
first trimester of pregnancy, it may contain increas- 
more reflections Irom the second trimester on- 
( f ig. 2.102 and 2.1b2). They are caused by the in¬ 


creased cellular contents and viscosity of the umniotic 
fluid. As the pregnancy progresses these reflectioas may 
assume a snow-storm-like appearance and turbulences 
within the amniotic fluid may bca>me very obvious I he 
allantoic fluid remains ancchoic for many months. Only 
during the sixth month of pregnancy do a few echi^es 
start to appear in it which then increase rapidly in den¬ 
sity. From Month 8 until shortly before birth the echo¬ 
genicity of the allantoic fluid may be very similar to that 
of the umniotic fluid. The very prominent, thin echo line 
of the amnion can nearly always be recognized as a 
floating membrane drifting within the dark placental 
fluids. 

The cases in which the fetuses cannot be reached by 
t runs rectal sonography occur during the List trimester 
of pregnancy (see Chapter 2.4.3). During this time diag¬ 
nostic conclusions can be drawn by imaging the uterus 
filled with placental fluids, the plucentomcs. or the am¬ 
nion and allantois. In addition, transcutaneous sonogra¬ 
phic examination can be considered. 


by Dr.Stator & Saraajka 


















Fig. 2,103; i wins, which resulted from inse mm nation and contralateral 
embryo transfer, in a cow on Day 41 of pregnancy. Tile transverse sec¬ 
tion through the uterus shows one fetus, surrounded by its amnion 

(arrow), in the left uterine hom and another fetus (F) in the right 
uterine hom. 
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Fig. 2.104: Abnormal pregnancy 38 days allcr insemination. Hg. 2.105: Fmhryonic death front Fig. 2.104 43 days alter ®* 
Indications of the impending embryonic death are the small semination. The heart of the embryo (I*) hus urased lifni J 
amount of embryonic fluid (F) and the small sue of the cm- 1 

biyo (li). I 



Fig- 2.106: Ultrasonogram ol fetal mummification in a eras 
348 days alter insemination. The mummy'.' surface close to 
the probe produces a hypereehoie image due to its bony com¬ 
ponents (arrows). The high absorption of ultrasound in this 
area prevents the depictKin of deeper fetal structures 



Fig. 2.107: Image of a macerated fetus in a cow. The alLiriM 
fluid (Al) is hypotxhuic. the amniotic fluid (Am) is 
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2.3.3 Uterine pathology 

2.3.3.1 Embryonic death 


meters into the fetus so that only a narrow* hyperechoic 

area could be identified* The tissues that lav 


pen 

deep to the fetus did not reflect any ultrasound echoes 


and remained anechoic (FkssoRE et at. 1986), Obvious¬ 
ly, the mummification process lead to tissue changes 
_increased absorption of sound waves in 


r'Lrst signs of an impending embiy nic death are an 
undersized embryo and a reduced amount of embryonic 
fluid. The death of a concept us can be reliably diag- 
nosed once the embryonic fteari beat has stopped* 

In cases where embryonic death have been observed 
between Days 25 and 40 of pregnancy the heart beat 

persisted for several days after u retardation in growth 

had been detected (Fig. 2,104)* Sometimes the heart 

beat did not cease until several days after first suspicions 
of an impending embryonic death, based on retarded 
embryonic growth* were raised i Fig, 2,105), Shortly be¬ 
fore the heart comes to a complete standstill, one can 
often notice a markedly reduced pulse rate (KaSTHIJC 
cl al 1988). The normal embryo at this stage would 
have a heart rate of about 150 per minute (Kahn 1989 
b), As the resorption progresses the amount of embry¬ 
onic fluid will decrease, while its echogenicity will in* 

crease. What started as floocular reflections at the be¬ 
ginning of the resorption will develop into a mass of 

snowy echoes. The embryo then looses its typical out¬ 
line and becomes very indistinct. 


which caused an i 


the superficial tissue layers 


Between the surface of the mummified fetus and the 


uterine wall were no hypoechoie areas that could be 

seen as accumulations of fetal fluid. 


23*3*3 Fetal maceration 


Apart from the well known clinical features some 
sonographic signs of fetal maceration were seen in a 
case of this form of a pat iiologicui pregnancy. There was 

a very distinct difference between the echogenicity of 

the allantoic fluid and that of the amnion (Fig. 2.107), 
Due to its lack of reflections the allantoic fluid appeared 

while hypercchoic, regularly distributed 
echoes whirlcd around inside the amniotic fluid* These 
were interpreted to have been caused by the increased 
cellular content of the amniotic fluid resulting from the 

at ion of the feinl tissues. 

Within the echoic amniotic fluid, fetal components 
were identifiable. The fetus and its organs were, how¬ 
ever, much less distinct than in viable pregnancies, Due 
to the increased echogenicity of the amniotic fluid the 

fetal outlines contrasted less than normal Structures 
within the fetus were only vaguely recognizable* This 
was assumed to have been e he result of the onset of 
post-mortem changes. As a result of their hyperechoic 
echoes only hony parts could be differentiated from soft 
tissue components (Fissqre et al 1986). 


virtually black 


2*3*3*2 Fetal mummification 


In cases of pregnancy 

mummification the uterine ultrasonograms usually con¬ 
tain very little conclusive information, immediately be¬ 
low the uterine wall hyperechoic foci can be detected 
(Fig, 2.1(16). No fetal body parts have been identified in 
the mummies examined by tn i nsrectal ultrasonography 

thus far. The sound waves only pend rated a few cenii- 


in the form of fetal 
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Hg. 2.110: Llcrus of a am with well regressed caruncles 
(trrowt) ami a large amount of lochial secretion during a nor¬ 
mal postpartum period 11 day* alter parturition. 


Hg. 2.111: locbiomctra in a cow with septic metritis 12 4fl 
post partum On the floor of the uterine lumen (arrow i * 
hypcfechoic urea, caused by the increased cellular contcuJ 
the lochia. 


Fig. 2.108: Uterus of a cow containing numerous caruncles 
(C) during a normal post partum period 2 days after parturi¬ 
tion. Note the hvperechoic edges on the surfaces of the carun- 
dcs. 


Fig. 2.100: Uterus with a caruncle (C) and very little hyp»»| 
echoic Inctnul secretion (L) during a normal post partavfl 
period 111 day’s after parturition. I he endometrial miiI.m-ukI 
the edge of the caruncle are both hyperechoic. 
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Postpartum uterus 


distended by fluid several centimeters in diameter 

(Okang and Tomjzuka 1987). At this time a distinct 

reduction in the size of the caruncles can be demon¬ 
strated ultrasonically (Fig* 2.11 OK Smaller fluid accu¬ 
mulations can sometimes persist until the end of uterine 

involution* 

When the uterine involution runs a pathological 
course in the form of a lochiometra the uterus can be¬ 
come extremely distended (Fig. 2,1 II), In Mich cases 

the plaeentomes often can not be seen. A hyperechoic 
area can sometimes he seen at the floor of the uterus. 
This is caused by the sedimentation of tissue break¬ 
down-pnxJucts and cellular elements in the loehud fluid. 

Certain sonographic features of the postpartum 
uterus are also detectable in pathological situations 
such as endometritis. For example, the lochia can show 
the same echogenicity as is seen in 
endometritis (Fig. 2.112 to 2*1 15)* The caruncles are 
ifieri used as characteristic distinguishing features. The 

regressing caruncles usually remain detectable until the 
end of the postpartum period* Apart from this - and the 
usual clinical features-the diameter and the asymmetry 
in the size of the pregnant and nort-pregnant uterine 
horns usually indicate a postpartum uterus* 


2*3.3*4 Postpartum uterus 


After birth the most obvious sonographic structures 
in the uterine lumen are the caruncles (Fig* 2,108 to 
2.110)* Depending on the direction of the sonographic 

scanning, a variety of sections through the caruncles can 

be produced. Areas of differing echogenicity can 
seen on ihc round or oval cross sections of caruncles. 

The most superficial layer is depicted as a hyperechoic 

layer. The deeper tissues of ilie place niomc are rela¬ 
tively less echoic, resembling the image generated by 

loose tissue* From the site of its uterine attachment 
hyperechoic lines often radiate into the depth of the 

caruncle (Fig* 2*108). 

The uterine lumen often appears to be virtually < ob¬ 
literated, even as early as the first day after calving with 
no larger accumulations of fluid recognizable (Fig. 
2.108)* In many cases, however, lochial secretions can 

be seen inside the uterine lumen (Fig. 2*109), They 
show the floccular echogenicities which are typical of 

fluids t fiat contain cellular components. In such cases 
the caruncles protrude like mushrooms into the rela¬ 
tively hypocchoic uterine .secretions* Even by two weeks 
post partum the normal postpartum uterus can still be 


be 


many cases of 


Avtorsko zasciteno gradivo 
























www.vet4arab.co.cc 




140 / Jltrusorwgraphy in the cow 




Fig. 2.114: Uterus shewing echo enhancement in the area of 
the endometrial surface (small arrows) after instillation of a 
4% iiKlinc solution. The greater curvature is demarcated by 
large arrows. 


Fig. 2.115: Sagittal section through u pyometra. The utcr_ -i 
clearly dilated and in this image extends towards the left ■ 
the abdomen. The exudate of the pyometra contains •* a 
storm like echoes. 


by Dr.Stator & Saraajka 


Fig. 2.113: Transverse section through a uterus with pr i 
nouneed fluid accumulation as a result of chronic endometr* 
tis. To the left and riglil of the appusitioned walls of the 
Uterine horns (arrows) the uterine lumen contains fluid wsi 
lloecular echoes. 


Fig. 2.112: Uterus containing a small amount of hypoechoic 
fluid as a result of chronic endometritis. The outline of the 
uterus is demarcated by arrows. 
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2.33.5 Endometritis 


persisted for a long time thereafter* The development 

also tested in excised 

uteri. In this manner it could be shown that the in¬ 
creased echogenicity did not originate from the iodine, 

but from the endometrium itself. After flushing the 
iodine solution out of the excised uteri itie increased 

echogenicity persisted. 


of this increased echogenicity was 


Fluid accumulations which are detectable inside the 
lumen of a non-pregnant uterus can he indicative for 

chronic endometritis. The amount of the secretion can 
vary considerably i Fig. 2.112 and 2.113). In many cases 

a fluid filled lumen can only be detected in short seg¬ 
ments of the uterus. In severe endometritis cases, how* 

even both uterine horns can be distended to several 
centimeters along their entire length. In mild forms of 
endometritis no lumen may be evident ultrasonically. 

Their echogenicity distinguishes the cndometritic 

secretions from other uterine secretions as are seen dur¬ 
ing cstrus or pregnancy (Fissore ct al. 1986). Ancchoic 
fluids usually only occur under physiological conditions 
(Pierson and Ginther 1987). The fluid caused by in¬ 
flammation contains floccular echoes. The echogenicity 
of the fluid can develop to snow-storm-like images and 
can become so severe t hat it appears nearly white. Dur¬ 
ing observation periods of some minutes of extensive 
fluid accumulations it is usually possible to sec turbu¬ 
lence within the fluid. 

The value of transrecta] ultrasonography in diag¬ 
nosing endometritis in the cow must be judged with cau¬ 
tion. In less endometritis is accompanied by the accu¬ 
mulation of fluid inside the uterine lumen the use of 
ultrasonography will usually not detect pathological 
changes of endometritis. If the uterine lumen is* how¬ 
ever. distended with fluid sonographic diagnosis may be 
possible. 

A noteworthy phenomenon has been observed in 
cases of endometritis after intra-uterinc treatment. 
After an iodine solution had been instilled into the uter¬ 
ine lumen the luminal surface of the endometrium be- 


23.3.6 Pyomeini 


Ihe most extreme form of endometritis, the pyome- 
tra. is sonographically characterized by a uterus which is 

considerably distended by an accumulation of fluid. The 
secretion inside the uterus contains unifomilv and dif- 

w 

fusely dispersed floccular reflections (Fig. 2.115). The 

echogenicity of the reflections depends on the consis¬ 
tency of the pyometra fluid. If the secretion is very thick 

and contains many cellular elements its echogenicity 
may be the same as that of the uterine wall, whereas a 
more liquid contents will appear much darker than the 
surrounding wall of the uterus. 

The thickness of the uterine wall in the pyometra 
cases examined thus far varied considerably* Thick- and 

th in-walled pvometras can be found. Only when the w a 11 
is severely thickened can this be used to distinguish a 

pyometra from a pregnancy. The diagnosis o a pyome¬ 
tra or the basis oi its ultrasonic image must be made 
with appropriate care. In advanced pregnancy die 
uterus is also distended and its fluid contents can be 
considerably echoic. For a reliable sonographic diag¬ 
nosis of a pyometra an effort should be made to depict 
the enure course of the uterine lumen with its abnormal 

contents and to ensure that no fetal parts or structures 

can be found inside the fluid. 


came hovfechoic i I ig. 2.114), The hyperechogenicity 


developed immediately after the iodine infusion and 
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Hr. 2.116: Schematic prescntatnwi oi various sectional planes 
and their nomenclature, a) Median or sagittal section, b) hon- 
/ontal section, c) transverse or CTue*s section. 
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14 Ultrasonography of the bovine fetus 

.4.1 Imaging of fetal organs 


Whereas in the case of an embryo only its intra- 
le position and the outline of its body can be as- 
d by transrectal ultrasonography, a great number 
macro-anatomically distinguishable structures can be 
acted by the same procedure in the bovine fetus 
IN 1990). Generally, the entire fetus ean he exam- 
sonographically (Kahn 1989 b). The success with 
individual organs can be depicted varies consid- 
ily and depends on the stage of the pregnancy, the 
i-uterinc position of the fetus and its mobility (see 
ipter 2.4.3). Individual organs or body parts can be 
itified when they have reached at least a size that ex- 

w 

the minimal resolution capability of the scanner 
and if they have a characteristic sonographic ap- 
ranee that allows them to be distinguished from ad¬ 
it tissues. The earliest time at which certain organs 
•me visible is closely connected with the typical 
its of organogenesis. 

Based on experience thus far the impression has 
gained that sector scanners are better suited for 
sonographic examination of the fetus in advanced 
lancy than linear scanners. The deep viewing field 
the sector scanners is wider than that of the linear 
icrs. I his makes the imaging of larger parts of the 
possible. In addition, the better maneuverability of 
small sector probes inside the rectum makes it 
r to depict various sectional planes through the 
plus. Due to the I-shapc it is difficult to turn the 
of the linear scanner from its usual longitudinal 
lion inside the rectum to a more transverse posi¬ 


tion. In contrast, this is easy to do witVi certain sector 
scanners. The various topographical positions of the fe¬ 
tal organs can thus be traced irrespective of the relative 
positioning of the fetus inside the uterus. 

In most cases the most limiting factor in depicting 
the complete fetus is the limited penetration of the 
sound waves. If the fetus lies very near to the probe a 5 
MHz sector transducer can be used for better image 
quality. For the imaging of structures that are further 
away from the probe it is favorable to switch to a 3.5 
MHz transducer. 

Fetuses can assume variable positions inside the 
uterus. A standardized nomenclature should be adop¬ 
ted so that it will be possible to describe the position of 
the fetus, the sonographic examination planes and the 
ultrasound images in unambiguous terms. The names 
used below to describe the different sonographic 
examination planes through the fetus are based on the 
model of a calf lying inside the uterus (Fig. 2.116). Two 
forms of longitudinal sections are described. A sono¬ 
graphic plane positioned exactly between the linea alba 
and the spinal column is called a median section: if it Is 
moved to the side it is referred to as paramedian or 
sagittal section; if it is directed vertically across the body 
iixis it is called a transverse or cross section; if it is 
directed latero-laterally it is a horizontal section. In 
addition to the position of the sonographic plane the 
path of the sound waves through the fetal body should 
be described. If the calf lies with its spinal column 
nearest to the transducer and is examined with the 
sound waves directed from the spinal column to the 
linea alba we speak of a dorsoventral sound beam, and 
of a ventrodorsal sound beam in the opposite direction. 


I 


by Dr.Stator & Saraajka 

















Fig, 2. 1 17: Vcnirodar^il sagittal seciion through a fetus on Day 48 of preg 

nancy* The head lies on the left. The hypoechok developing eye <H) can be 

recognized* 


Fig* 2 . 118 : Transverse section through the head of a fetus at the level of the 

s on Day 102 of pregnancy* In the cranial aspects of the eyes the oval 

lenses (arrows) can be seen* Below the eyes is the spherical cerebral cranj 
um (C). 
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turns become visible within the eye (Fig, 2.11 K). These 

consist of arched, echoic lines which originate from the 

anterior and posterior wu IE s of the lens. With a horizon* 

lal section through the head the eye balls have perfectly 

circular cross sections. In sagittal sections {in ophthal¬ 
mology also referred to as vertical sections) I hey are 
slightly oval With the sagittal beam the intcrpalpepral 

space becomes visible from about Month 6 of pregnan¬ 
cy 1 1 2.119 and 2.120), At times the eyelids are clear¬ 

ly open and blinking movements of the lids can be ob¬ 
served. 1 he relative echo enhancement by the hypo* 
echoic eye ball make', the rein bulbar area appear more 

echoic than the neighbouring tissues at the same depth. 


2,4.1,1 Head 


Next to the extremities, the head belongs to those 

body parts of the embryo that can he recognized rela¬ 
tively early. The obvious difference 

tween its parts and that of the surrounding 

its characterfei ic profile and a marked narrowing in 
region of the neck allow for a clear differentiation be¬ 
tween head and body from about the fifth week of preg¬ 
nancy. 

Apart from the facial skull the dark area of the devel¬ 
oping eye within the head can be recognized on about 
Day 40 of pregnancy i Fig. 2,117). Initially, the embry¬ 
onic eye Ls free of echoes and no ocular si \ uctures can lx: 

differentiated* From Day 70 of pregnancy echoic struc- 


s'ccil fluids 


the 


I ip. 2.119: Sagittal section iltrough the eye of a fetus on Day 

197 of pregnancy. The head lies dorsally apinsi a placcntomc 
(P). The split (arrow) between the eye lids is open. The pcs* 
terbr curvature of the lens (L) can he seen. 


Fig. 2.120: Sagittal section through the eye of a fetus on I >uy 
205 of pregnancy. An eye lid projects from above the eye to 

the left. 'Hie retrobulbar area shows relative echo enhance¬ 
ment (E). 
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Ffe. 2.122s l lori/ontal sec tion through the cranium on Day 84 

with the cerv ical area on the right and (he nose on the left, 
CraniaUy to the curved cerebral roof lies the ^pheru*ttl foe me 
(SJ* Ireside the brain arc 

falx cerebri between them 


centers can be 


the two 








i ijj* 2.123: Tangential sagittal section through a fetus on Dm 

127 of pregnancy. The fetus faces to the left. The eye with the 

leas (L) and the ova[ cerebral cranium are depicted. 
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From Day 50 to 60 of pregnancy the hones of the 

cranium form a nearly closed* hyperechoic oval A 

transverse section through the cranium shows a round 
cranial cavity i Fig. 2A 18). A sagittal section through the 

cranium results in the depiction of an oval cranial cavity 
the longest diameter of which lies in the frontcx>ccipital 

direction (Fig. 2.123), The cranial cavity can he seen in 
toto until Month 7. During the last two months of preg¬ 
nancy the bones in the roof of the skull absorb so much 
ultrasound that the energy reflected from the hones at 

the base of the cranium is not sufficient for the produc¬ 
tion of an image on the monitor. 


The development of ossification centers provide the 
basis for the sonographic depiction of bones. Ossifica¬ 
tion centers that develop early on in the skull bones re¬ 
sult in the depiction of hype rre fleet ive structures in the 

head from the end of the second month of pregnancy 

(Gjesdal 1969), The first large hvpcrechoic structure is 

found in me region of the mouth (Fig. 2,121)* It is 

found at the site of the mandible and depicts its charac¬ 
teristic future shape. At the end of Month 3 of pregnan¬ 
cy the ossification processes have progressed so far that 

individual skull bones can be recognized by their typical 

shapes (Fig, 2.122), 
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Viirasonography in the cow 


Fig, 2,124: Horizontal section through a fetus on Day 93 of pregnancy. The 

forehead points towards ] o’clock, thorax and rump towards 7 o'clock. In 

side the cranium the lateral ventricles (arrows), falx cerehri and the third 
vent ride ean he seen 


► 






Fin* 2,125: Schematic presentation analogous to the scanning 

plane in Fig, 2,126, Cross section through the anterior hrain at 

the level of the mamillary body and the pituitary 4 P), ] It hypo 
thalamus, llv left lateral veniride, rlv right lateral vent ride, I 
Corpus mamill.irc, 2 Fah cerebri, 3 Sulcus splenialis. III, third 

ventricle (adapted from SEJFERLE 1984), 


Fig, 2,126: Transverse section through the craiuum of a fetuv 

on Day 147 of pregnancy at the level of die mamillary hxl.v 

and the pituitary analogous to the diagram in 1% 

inner cavity is partitioned by the echoes of the ventricle and 
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I he inner cavity of the cranium is clearly less echoic 
its surrounding cranial bones. Al a relatively early 

it contains reflections of varying intensities which 
mate from different parts of the brain. A frontal 
through the eranium in proximity to its roof re* 
ib» a stripe like, straight echo which runs centrally 
m cranial to caudal (Fig. 2.122 and 2.124). These are 
reflections caused by the falx cerebri which lies in 
:n the two hemispheres of the brain and divides 
cranium into two symmetrical halves. Between this 

w 

it central echo and the hypercchoic semioval of 
cranial roof a horizontal section through the crani- 
reveals two round echoes on cither side of the ccn- 
linc. These echoes originate from the lateral ven- 
and their chorioid plexus (Fig. 2.125 and 2.126). 


I bey contrast against the remaining hypoechoic parts of 
the brain cortex. As the pregnancy progresses the brain 
sul>stance develops faster than the ventricles, resulting 
in a relative decrease of the echogenicity inside the cra¬ 
nial cavity. The hypcrechoic structures in the vicinity of 
the brain originate from the meninges with the chorioid 
plexus and the lateral ventricles, whereas the brain tis¬ 
sues themselves arc less echoic. 

In the area of the mouth and nose most of the struc¬ 
tures typical of this part of the face can be identified. A 
transverse section through the anterior part of the 
mouth shows the lateral nasal walls as well as the en¬ 
trance to the nasal passage (Fig. 2.127). Underneath 
these the bright echoes of the hard palate and the devel¬ 
oping teeth of the maxilla can be seen. 



Fig. 2 .127:1 ronsverse section through the anterior part of the 
mouth on Day 2.19 of pregnancy. Below the nasal septum is 
the hypercchoK. area of the hard palate (P). Underneath that 
the dcvickiping kit and right teeth (I) in the maxilla can lx 
seen. 
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2*128: Transverse section through the mouth and nose of 

a fetus un i *:jv I M of pregnancy. Starting from both edges of 

teeth are pro¬ 
ducing long shadow anifacts. Above them arc structures be 

longing in the nasal turbinates, Whisker hairs project away 
from the muzzle at 11 and 3 o'clock 


Hg. 2*129: Paramedian section through the facial skull of a tc 

m\ of pregnancy, Itie nose {N) poinis upwards 

the left* the mandible (M) on the right. 


on Dav 


tu- 


W 




the hypcrcchoic hard pa I ate (P) the developing 


The longue (!) projects hot rt the mouth 


i 








Fig* 2*131: Paramedian section through nose and mouth of a 

on Day 184 of pregnancy. 




I lie mouth points 

is, the maxilla and nostrils f N) lie on the right and the 
mandible on the left* The tongue {i) sticks out of the mouth 


Day 185 o I pncgnancy* 


cavity is defined 

the nasal bone ■ N) dursally and the maxiila (M) ve rurally. At 

o’clock is the tongue (T). prajeenrag from the mouth in the 
direction of the nasal entrance* The mouth is wide jupen. 
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mouth of a I l-eus on 
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Moving the transverse section through the mouth a 
further caudaDy in the direction of the eyes permits 
ic insight into the anatomy of the nasal turbinates. In 
ittal section the turbinates are even more clearly 
lized due to their upper border being against the 
bone (tonally and the maxilla vent rally (Fig. 2.129 
1131). 

From the time at which facial structures first become 
irly identifiable numerous signs of fetal viability arc 


evident. With optimal probe positioning the fetus can¬ 
not only be seen to blink its eve lids, but nose licking or 
other forms of playing with its tongue can be observed 
(Fig. 2.129 and 2.130). Swallowing movements can also 
be seen. The best position for depicting facial structures 
is the sagittal section. Occasionally, when the head is 
sectioned appropriately, the ears can be observed (Fig. 
2.132). 
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,133: Vl’H'huIujju! sagittal section through n fetus on 


Flc, 2,132 
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Hie head with the developing eye 

lies on the right. Eli the areas ot the maxilla and mandible 

bright ossification centers can 

column {arrow) is hvperechoic* 


-t 


o'clock. Hie face lies to (he 


(El 


cy. Tlie lip of the ear points at 
left, off the image. 
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be recognized. The spinal 








: Transverse section through the thorax at the level 


134: Schematic presentation ot the ultrasound examine 


Mg, 






of the stomach and the liver in a fetus on Day 114 of pregnan¬ 
cy. Caudill view, 'llirec ossification centers (arrows) of a tho¬ 
racic vertebra can he seen. Ttot > curved ribs (R j stretch a round 
the trunk* The hypncdlc 
IL) underneath it 


on tlie angle at which (he sound 


lion ot vertebrae* Depci 

waves impact onto the vertebra different ossification centers 
may be depicted a and b: double tow of echoes; c; single row 
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.4.1.2 Spinal column 

The first echoic structures in the area of the spine 
be seen as early as in Week 5 of pregnancy (Cim- 
et al. 1986 b). At this time a thin line which, due to 
higher echogenicity, stands out against the surround- 
tissues becomes evident in the back region of the 
•ryo (big. 2.133). Individual structures in the form of 
icbrae cannot be distinguished yet. At about Week 8 
pregnancy the development of vertebral ossification 
iters has apparently progressed far enough so that 
ill. hyperechoic foci can be detected (Nodi n and ni 
it via 1985 a). Ossification of the vertebrae eom- 
in the vertebral body and then extends into the 
tcbral arches. At the end of Month 2 of pregnancy a 
itinuous string of hyperechoic vertebrae can be seen. 
Depending on the angle at which the sound waves 
r the fetus, different sections of the spinal column 
be depicted (big. 2.134). It is generally possible 


to sec 3 ossification centers in each vertebra. These 
include one ossification center in each of the vertebral 
arches and a single one in the middle of the vertebral 
body. All three ossification centers of a single vertebra 
can only be visualized in a perfectly horizontal section 
through the spinal column (Fig. 2.135). The cross sec¬ 
tion of the abdomen is almost completely round in this 
view. If the fetus is examined in any longitudinal section 
at most two ossification centers per vertebra can be seen 
on any one image. If the examination plane is moved 
slightly from median towards paramedian the ossifica¬ 
tion center in one arch as well as that at the center of the 
vertebra can be seen together. They are situated dorsal- 
!y and vcntralh to the spinal canal. Ihe nanow. hypo- 
echoic band of the spinal canal is delineated by a string 
of hyperechoic discs on two sides. This double row of 
bright echoes can only be seen on slightly paramedian 
of the fetus. 
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lig, 2J36: Median section dirough the cervical spine un Da\ 

16 I of pregnancy. The spinal cord i S) and the vertebral bodies 

(arrows) below it are depicted, ShatUrw artifacts appear in the 
background of the vertebrae 


,137: Haraomai section 


through the head, neck and 


trunk of u fetus on Di 


»y 7 i o f pregnancy 
to the right. A double rw of echoic discs of the spinal column 
with a central, hypoccht>ic canal tamaw) runs dirnugh Ihc 
middle of the neck and trunk. 


The head (IT) points 




h 


Fig, 2,138: Sacral and coccygeal vertebrae in a fetus on Day 
165 of pregi lancy. The sacral vertebrae tie on the right and arc 
ifldfvid ualh recognizable. The 


Fig.2.1Ventrodorsal median section through the neck and 

; interior tip of the thorns in a ictus on Day 11 *7 of pregnancy. 

The head (out of view) lies on die left* (lie cervical spine (C'S j 

with the first few thoracic vertebrae ventraliy. From U -- i f i 

ihc thorax the sternum (St) runs in die direction of 4 o'clock, 


tatt (T) sir etches to 


the left. 
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When the seciional plane lies exactly in the median it 

passes between the ossification centers of I lie left and 

right vertebral arches without producing any reflections, 

but it docs strike the ossification center in the middle of 
the vertebral body (Fug* 2.136). After that only a row of 
disc shaped echoes can be seen. The same happens 
when the examination plane is moved to the parame¬ 
dian or if it is rotated from the sagittal towards a more 
horizontal plane. In these cases the single row of echoes 
may originate either f rom the ossification centers in the 
vertebral arches or from those in t lie vertebral bodies. 

Further rotation of the probe around the longitudi¬ 
nal axis produces the horizontal section with the sound 
beam directed latero-lateraliy. 11 e Fie examination plane 

lies at the level of the vertebral arches, two parallel rows 

o: echoes are again produced (Fig. 2.137), These repre¬ 
sent the ossification centers of the left and right verte¬ 
bral arches, respectively. Due to the natural curve of the 
spine a horizontal section through ft will pass through 
individual vertebrae at different heights and therefore 
no rows of echoes from the same structure of the dif¬ 
ferent vertebrae can be seen. Commonly therefore, for 

example, a short section of the thoracic spine may be 

seen as a double row of echoes, be continued caudulfy 

as a single row and form a double row again in the lum¬ 
bar region. 

On the exact horizontal section linough die spinal 
column of the ti u nk one can sometimes see t apart front 
the reflections of the vertebral bodies, on bot h sides a 
further row of disc shaped echoes, lliese represent the 
sonographic images of the transverse processes. In Mm 
manner the horizontal section through the fetus can oc¬ 
casionally depict til ice parallel rows of echoes in the re¬ 
gion of the spinal column. 


The caudally extending tail of the fetus is character¬ 
ized by the large number of l ined up, disc shaped echoes 

of the vertebral bodies (Fig. 2.138). The image of the 

tail isvciy similar to that of the other parts of the spinal 
column. A double row of echoes or a clear spinal canal 
arc, however, not evident. Not infrequently, movements 
of the tail can be observed, 

i trly on already, the vertebral echoes are very 
bright, and towards the end of pregnancy they can be 
described as hypcrrcflectivc. As the ossification of the 
vertebrae progresses, the typical image of shadowing 
becomes evident in their background (Fig. 2.136 t 2.143, 
2J44), From below the vertebrae hypoechotc shadows 
stretch into the depth of the image. The widlli of each 
shadow is approximately the same as that of the bony 

structure in the foreground. The shadowing effect is 

caused by the absorption of sound waves by the bony tis¬ 
sue which then causes very little sound to reach the tis¬ 
sues immediately behind the bone. 

If areas behind the vertebral column are to be ex¬ 
amined sonographically it is useful to move the probe to 

hit where the spinal column is no longer positioned 
in the path of the sound waves. In this manner the 
sound shadows, which originate behind the echoes of 
the vertebrae and run as parallel stripes through the 
entire image, can be avoided. 

1 he spinal cord is best depicted on an exact median 
section Fig. 2.136). inis approach allows the sound 
waves to pass between the ossification centers of the 
vertebral arches on either side without generating any 
reflections. The spinal cord can then be examined with¬ 
out any shadows interfering with the image quality* 
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Fig, 2.NO: Flnfizunt.il section through the neck of a fetus on 

Day 209 of pregnane)'. The anechoic inner lumen of the tra¬ 
chea { 0 > s bordered, hy the two rows of tra e isversely sectioned 

tracheal lings. The head foul of view) lies cm i he Icfl- 


Fig, 2*141: Horizon tal section through i he heat I-neck junction 

in a fclus on Day 183 ot pregnancy, At the center the larynx 

1 1 ), to the left a pulsating blood vesse l (arrow )* 


I ig* 2*142: Hon/ontaJ section through a fetus on Day 70 of 


Fig. 2*143; Horizontal section throngh [he thorax on I >ay 126 

of pregnancy. The thoracic inlet is positioned at 7 o’clock. 

cross sections shadows arc 
:i t), Lung tissue lies between the heart and the diaphragm 
(arrows K Hepatic veins can be seen branching from ihe cau¬ 
dal cava l vein (VJ* 


pregnancy. The head (H) lies on 


the right. The two hyper 


echoic nows of rib cross sections (arrows) produce a conical 
shape of the thorax. 


Fnim the 


cast across the heart 
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sectional images* The thoracic skeleton can be recog¬ 
nized by the strings of numerous hypcrechoic di^ 

shaped echoes and their typical topographic arrange¬ 
ment. On horizontal sections the rows of rib cross 

sections of both halves of the thorax form a cone (Fig, 

2J42 and 2.143), The previously described phenome¬ 
non of shadow artifacts behind the spinal column can 
also be observed in the background of ribs and thoracic 
vertebrae. When the thorax is examined by longitudinal 
sections its image is obscured by parallel shadows (Fig. 

*143)* This applies for horizontal sections with latero 
lateral and sections with sagittal* dorsoventral beam 
directions* The distances iictwcen shadows cot respond 
to the widths of the intercostal spaces* In advanced 
pregnancy the increased absorption of sound waves by 

the hones can seriously restrict the examination of 
organs lying behind the ribs* Under such circumstances 

it is possible to rotate 
allowing the examination of the thoracic contents 
through the intercostal spaces without any interference 

from the rib shadows. 

The sternum tU >cs not produce the image of a single, 
coherent bone, but consists of a single row of discs (Fig* 

2J39), 


2 A13 Neck 


spine i Fig. 2*136 


Apart from the typical image 


of the 


and 2*139) the trachea appears as a dominating struc 
lure on the sonogram of the neck (Fig* 2* 140)* Its longi 

tudinal section features a prominent string of hyper 
echoic 


inous rings which surround the un echoic 
lumen of the tracheal tiibe* In comparison to the blood 

vessels that run in the cervical area the trachea has a 


much wider diameter* This is paniaihirly evident on 

transverse sections through the neck which show the 

wide, hypocchotc tracheal pipe in about the middle of 

the neck just ventral to the spine* In the region of the 
hcad*neck junction the larynx can be seen (Fig* 2*141)* 

Occasionally* swallowing movements can be observed 

here* On horizontal sections die common carotid ar tcry 
can occasionally be traced on either side of the trachea 
and larynx. Its pronounced pulsation is striking* 


7 


the probe through 90 degree, thus 


2,4* 1.4 The rax 


The ribs can be differentiated almost at the same 
time as the vertebrae. The ribs, thoracic vertebrae and 
sternum are all characterized by hyperreflectiwe cross 
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myocardial walls and subdivided by the bright septa and 

■ ilves. The pulsation is clearly 


image of a fluid filled, hollow organ ; 
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image of the lieart it is advisable to rotate 
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plane far enough until a window is found between the 
ribs that allows the sonographic examination to 
formed without the interference of any rib shadows. 
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and 2.145) 
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The developing stomach and the liver can 








the background of the last few ribs (Fig. 2.145). The 


over nine are possi 
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the center. 

The sonographically obvious stomach lies between the 
liver and the contralateral ribs. The stomach becomes 
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The kidneys can also he depicted ultrasonographi¬ 
es lly. In the horizontal section they can be seen between 

the iliac bone and the Iasi rib (Fig. 2.148). In a trans¬ 
verse section with the beam directed dorxovc n t rally they 

can be found at the level of the lumbar vertebrae, im¬ 
mediately ventral and lateral to the spine. With the 
transducer skillfully positioned, both kidneys can be 
shown on the same image (Fig. 2.149), They are rela¬ 
tively hypocchoic and present lien typical anatomical 
structure, including multiple papilla divided by deep fis¬ 
sures. Better than in the transverse section, the longitu¬ 
dinal section permits the identification of numerous re* 
nal lobes which collectively form the kidney. On each oi 
the renal lobes a more hyperechoic outer cortical and a 
less echoic central medullary region can be recognized. 

The next smaller organ with an anechoic lumen be¬ 
side the stomach is the urinary bladder. Finding the 


urinary bladder is sometimes difficult 

exposed pelvis. Although it is sometimes visible at an 

early stage of pregnancy i Fig, 2.150), its accurate iden¬ 
tification may prove very difficult. The degree of filling 

of the bladder appears to vary. The urinary bladder pre¬ 
sents with its anechoic. fluid filled lumen and Lies in the 
in cline of the ventral abdomen, just at the pelvic inlet 

(Fig. 2.151). On either side of the bladder the umbilical 
arteries which run in the direction of the umbilicus, can 
be found. These can be relatively thick and must be dif¬ 
ferentiated from the urinary bladder. The difficulty in 

finding the fetal urinary bladder by ultrasonography 
may be caused by presumed ability of the fetus to regu¬ 
larly empty the bladder from an early stage of pregnan¬ 
cy on. Shortly after urination it may 1 hus be very dit j icull 
to recognize the fetal bladder. 


even with a well 
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ASZ: Horizontal section through the thorax 
ubd< mt ion anii pelvis of a fetus *>n P<iy 95 of preg 

of the ihi>rax points towards 8 
, the stomach (S) lies vent rally. The two 

halves of the bony pelvis, with hyperechoie ischial 

and ileal bones (am rm ) 4 form a cone, tlic apex of 


Fig 
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;mcy\ The apex 


n 


* 


o 


which ts directed low 
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Fig* 2*153: Oblique horizontal action through the pchis of a 
fetus on Day 211 of pregnancy* The connection betwe 

(O isch) bones* in the area of the uoe 
tabuium* is no! yet ossified* Ultrasound penetrates this point 
(arrow). 
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ileal (O il) and 
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sagittal section through the front limb 

of a fetus on Day 75 of pregnancy* The back of 

vent rally and the head on the right (off the image) The fount 

leg with scapula > S), humerus (H}* radius am! ulna (KU) and 
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2.4.L6 Pelvis 


2.4-1.7 Front limb 


During early pregnancy both halves of the bony pel¬ 
vis can be depicted simultaneously on a horizontal sec¬ 
tion {Fig. 2.152). On each side the ilium and ischium 

can be seen. They present as four rod shape lL hyper* 
echoic structures In horizontal section the ischium is 

slightly shorter than the ilium. The 2 bones lie one be* 
hind the other, parallel to the longitudinal axis of the 

body and trirm, with their counterparts on the other 

side, the blunted cone shape of the bony pelvis. The lat¬ 
ter narrows slightly towards its caudal opening. When 

(he ultrasound beam is directed latero-late rally, the de¬ 
monstration of both halves of the pelvis is only possible 

in the first half of pregnancy. Thereafter, the nearer half 
of the bony pelvis absorbs so much ulirasound that the 

other half cannot be seen (Fig, 2.153). At this stage on¬ 
ly the ilium and ischium nearest to the transducer can 


The sonographic visualization of the extremities is 
based on the depiction of their bony and cartilaginous 

comp- ncnLs. Due to the large difference in impedance 

between bony tissue and the surrounding soft tissues the 
former are easy to recognize by their intensive reflec¬ 
tions. 


On the front limb the larger long bones, such as hu¬ 
merus, radius, ulna and metacarpus can be identified 

for the first time around weeks 10 to 12 of pregnancy 

the ossification process has 

obviously progressed f: re sough to produce continuous. 

rod shaped echoes in the regions o( the diaphyscs. Alia 
this time the length measurements of the bones are 
taken between the two ends of their hyperechoic 

diaphyses. Prior to this the measurements are taken 
from the edge of each limb segment to its point of an¬ 
gulation, They therefore reflect not only the length of 

the main bone, but include the joint and soft tissue com¬ 
ponents of each segment. At the end of the 4th month 
of pregnancy it is still possible to depict the full thick¬ 
ness of the long bones of the front Imib. Due to the ad- 
vanced perichondria! ossification at about Month 5 it s 
only possible to sec those sides of the bone cortex of the 

humerus, radius and ulna, as well as metacarpus and 
phalanxes that arc nearest to the transducer (big. 

2.155). The sound reflection from, and absorption on 

the compact bone arc so strong that the background Ls 

no longer accessible. It remains black. 


» Fig. 2.154 J. At this stage 


The pelvic region can be recognized towards the end 
of the second month of pregnancy' when its ossification 
centers become visible. The iliac and ischiac bones can 

then he seen as individual structures around week 11 to 

12 of pregnancy. The bones of the pelvis are well suited 
to aid the search for the genitalia, the urinary bladder 

and the hind limb. 


Fig. 2.(55: Sagittal section through a iron! foot un Day 135 uf 

pregnancy* The cortices of the metacarpus (M). proximal (1), 

middle { 2) and distal (3) phuhnxes are so well ossified that on¬ 
ly the foreground h visible. The two cartilaginous epiphyses 

(K) of the metacarpus can be seen clearly. 
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156: Transverse section through the from fool of a fetus on Day 97 
of pregnancy P I'he two hyperechoic claws (C) point to the left. To the right 

of the daws are the two bright spots of the dewdaws 
epicied up to its carpal joint 


. The front limb is 


Fig, 2,157: Palmar view of the claws of both front feet in a fe¬ 
tus on Day 164 of pregnancy. In the centers of the daws (le) of 
the left fruit lie the hype rechoic digital bones. The image of 

the right daws (re) si lows only the hooves. 
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Apart from the bony parts, the homy parts at the tip 

of the extremities cun also be shown* Main and dew- 
daws can be seen (Fig, 2,156), The homy waD of the 

main hooves can be recognized from Month 4 i Fig* 

2,157)* Its echogcnirity increases over the following 
months and the hoof wall as well us distal phalangeal 

be identified. 


2.4X8 Hind limb 


! lie chronological order in which the bones of the 
hind limb can be depicted are very similar to that seen 

in the front limb* Although individual ossification cen¬ 
ters can ^ detected by Day 60, specific long bones such 
as femur, tibia and metatarsus can only be identified re¬ 
liably starting Week 10 of pregnancy. A few weeks later 
the entire thickness of the diaphysLs of the f>onc can tie 
illustrated (Fig. 2.15K), The diaphyscs of the femur* 
tibia and metatarsus produce very bright echoes. Dur¬ 
ing Month 5 the ossification is so pronounced that only 
those walk of the diaphyses that arc nearest to the 
transducer can be depicted (Fig* 2.159)* 


hone can 


1 ip. 2. 158: Plamodonml sagittal section through the hind limb 

of a fetus on Day IJ 0 of pregnancy* i he tarsal joint lies on top 
and is flexed. The bright diaphysis of ihc metatarsus (M) 

points to b o’clock* the tibia to 5 o’clock. 


Fig, 2*159; [ ongiLiidinal section ihough the met;it u (M) 

on Day 171 of pregnancy. One side of the bony 
diaphysis produces a hypercdioic reflection. Distal to the 

,.is ties a cartilaginous epiphysis (arrow). I iicre are two 
place (Humes (F) in the right half of the picture. 
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runs tangentially through the umbilical cord one will not 
necessarily see a vessel lumen. In this case the umbilical 

be confused with the more 


2.4, L9 Umbilical cord, amnion and allantois 


The umbilical cord can be seen early on the ultra¬ 
sound monitor. At the time when the outline of the em¬ 
bryo becomes visible and the head and neck can be dif¬ 
ferentiated the umbilical cord can also be identified, ii 
runs from the embryo in a ttoisa i direction to the site of 

its division at the antimesome trial wall of the uterus 
(Fig. 2.160). From Month 3 of pregnancy the two um¬ 
bilical arteries and veins can be seen inside the umbilical 
cord. They arc particularly impressive when seen in a 
cross section through the umbilical cord (Fig. 2.161). tn 
this view the four vessels are arranged in a square. 
Where the umbilical cord enters into the abdomen the 
two umbilical arteries can t>e traced caudally in the 
direction of the urinary bladder, 'i he umbilical vein can 
be traced cranialiy to (he liven 

In a longitudinal section through the umbilical cord 

vessels can be seen (Fig. 2.162). If the section 


cord appears solid and may 


caudally situated scrotum. 

I he amnion can be recognized as a very thin hyper 


echoic membrane by Day 30 of pregnancy (sec Chapter 

thickness it 


2,3.2>4). Without significant I v changing its 


remains visible until the end of pregnancy. The fluid 
contained inside the amnion is hypoechoic, almost 

black, for the first few months of pregnancy. First re¬ 
flections appear at about the end of the 2nd month of 

pregnancy. They rapidly become denser and soon cre¬ 
ate the image of a snow storm, i he echoes become so 
intense during the third trimester of pregnancy' that the 

snow F storm appearance” seems justified (l 7 ig. 


. h 


term 

2.163), Echoic particles also appear inside the allantoic 

fluid during the course of pregnancy. 


only two 
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Fiji* 2.164: Median section through a male fetus at the level of 
the pelvis on Day 92 of pregnancy. The spine stretches from 
10 o'clock to 12 o'clock. The scrotum (allows) points towards 
4 o’clock. Ultrasonogram produced in waterbalh. 


Fig, 2,165: Section through the same fetus analogous to the 
examination plane in Fig. 2,164, On the ventral abdomen are 

the scrotum and gent!a! tubercle. 
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Fig. 2.167: Section through the same fetus 

scanning plane in Fig, 2,166, 


Fig. 2 . 166 : Horizontal section through a female fetus at the 

level of the mammary glands on Day 101 of pregnancy. Be 
tween the left (1H) and the right (ri 1) hind extremities lie the 
four bright echoes of the cross sections of the feats (T). Ultra 

sonogram produced in a waterbuih. 
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2.4.2 Sex determination in the bovine 

fetus 


echogenicity the teats become evident as lour hyper- 

reflective dots which are arranged in a square* They are 

best identified on horizontal sections. 

Another way of determining the fetal sex is based on 
the determination of the relative position of the genital 

tubercle (Curran ct al. 1989). The genital tubercle will 
give rise to the penis and prepuce in the case of males 
and to the vulva and clitoris in the ease of females. 

Initially the genital tubercle will be positioned between 

the hind legs in both sexes, but between the Day 40 and 
60 of pregnancy' it will migrate towards the umbilicus in 
male fetuses and towards the tail root in female fetuses. 
The genital tubercle will present as a bilohular, ovoid 
structure, a few millimeters in size and of intense echo¬ 
genicity. On the basis of the rclat ive position of the gen¬ 
ital tubercle it becomes possible to predict the fetal sex 

from about Day 55 of pregnancy* 


2,4*2.1 Scrotum, teats and genital tubercle 

[ lie scrotum of the male fetus can be depicted by ul¬ 
trasonography (Fig. 2,164 and 2.165), Based on experi- 

ence to date it seems possible to determine fetal sex by 
the detection of the scrotum from the Month 3 of preg¬ 
nancy. First fetal sex determinations may be possible 
between Days 50 and 60, but the scrotum cannot, how¬ 
ever. be identified with certainty at this stage. After Day 

60 the scroi urn can then be identified more dearly (Fig. 
2*168 to 2*171), In positive cases the male gender can 

now be diagnosed with certainty (MOller and Wrrr- 

kowskt 1986). 

In female fetuses the developing teats can be depict¬ 
ed (Fig. 2*166 and 2*167), As a result of [heir intense 
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2,169: 

Pay 99 of prennancy, The fetus lies on its back. Between the 
two hind limbs (El) thu scrotum 
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. 2,171: Median section through the ^TOtuan of a fetus on 






knee joint of a fetus on 

transversely imfl 

structures can he seen* To the left of the scrotum is an oval 

cross sect ion 


Day 129 ot pregnancy. Inside itic 
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oping teats appears to be rather difficult during the ear¬ 
ly stages of pregnancy. The teats are occasionally con¬ 
fused with other echoic spots in the region of the pelvis. 

Structures often misdiagnosed as teats include the 
hyperechoic images of transverse sections through 

pelvic bones or the femur. The determination of fetal 

sex using the position of the genital tubercle appears to 

yield more accurate results in the female fetus. 

The period from 55 to 60 days of pregnancy seems to 

cuJarly well suited for the determination of the 
position of the genital tubercle, and thus the sex of the 
fetus (Curran et al 1989)* If the sex is to he deter¬ 
mined by detecting the scrotum or the teats the period 

between Days 70 and 120 seems to be better suited for 

the examination. If both criteria, position of the genital 

tubercle as well as the depiction of either scrotum or 

teals, are used in conjunction a relatively high accuracy 

in the determination of the sex of the fetus can be at¬ 
tained between Days 55 and I2() (Wideman el ah 

1989), It must be emphasized that much operator expe¬ 
rience is needed, and that the sex of the fetus cannot be 

determined in every case during a single sonographic 
examination. Occasionally, only follow-up examinations 

allow the sex of the fetus to be determined accurately* 


i) pending on the position of the fetus and the ori¬ 
entation of the probe the fetal scrotum can be detected 
between the hind legs on median, transverse or hori¬ 
zontal sections ; Fig. 2,168 to 2.171), The biggest threat 
of misdiagnosing the presence ol a scrotum comes from 

structures in the vicinity of the scrotum. In this context 

the umbilical cord and any parts of the tail that may 
have been drawn in between the hind limbs should be 

mentioned first. In order to avoid confusing the scrotum 

with the base of the umbilical cord, attempts should 
always be made to demonstrate, apart from the suspect¬ 
ed scrotum, the umbilical cord Only if i lie course of the 
umbilical cord can be billowed all the way to its origin 

on the abdominal wall, and if, in addition, to it the scro¬ 
tum can be identified as a separate structure a definitive 
diagnosis can be made. 

From Month 4 of pregnancy ultras* u Kigrams may re¬ 
veal testicular structures inside the scrotum (Fig* 2*17!) 
which are less echoic than the scrotum proper Testicu¬ 
lar descent starts during £ he 3rd month in the bo\ me fe¬ 
tus and is completed in the 5th month of pregnancy 
(Hullinger and Wensinq 1985, Sa summer and 

VOELMERIiAUS 1987), 

According to experiences made thus far the positive 

recognition of the female sex by depicting the devel¬ 
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*172: Frequency with which fetal body p:i t r s were accessible by transrectal ultra 

sonography during pregnancy in heifers ( adapted from Kahn 1989 b) 
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Fig- 2* 173: Hie intru-uierine presentations of bovine fetuses during pregnancy (adapt 
ed from Kiihn 1989 b). 
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■horax, abdomen and pelvis could still lie depicted in 
one half of the cases. In these cases! he cardiac activity 

could also he demonstrated ultrasonieally. The trunk of 

the fetuses could only he seen in 25 % of cases in the 6th 

and 7th months of pregnancy and was only visible in 
Isolated cases from the 8th month. The head was the 

y component that could he depicted in 87 % of 

ultrasonograms during the entire length o 1 pregnancy. 

If certain body parts are reachable by transrectal so¬ 
nography their prominent organs can alst> lie examined 
and surveyed regularly on the ultrasound monitor. 


2.4.3 Accessibility of bovine fetuses 

for transrectal sonography and their 

intra-uterine presentations during 

pregnancy 

2.4.3.1 Accessibility of fetal body parts 


CIH 


The specific intra-uterine positioning of the fetus 
during the course of pregnancy has a direct effect on the 
ability to depict fetal body parts by ultrasonography. 
This means that the accessibility of certain structures is 
limited by the typical intra-uterine presentations of the 
fetus at the different stages ot pregnancy and by their 
growth rates. Due to these factors, for example, the 

scrotum and developing teats, the thoracic and lumbar 

vertebrae, the ribs, ihc size of the stomach or the length 
of the limb Nines often cannot be accessed for sonogra¬ 
phic fetometiy during the hist trimester of pregnancy. 

During one study the fetuses of 19 pregnant cows 
were ulmisonically examined 485 times at intervals of a 

of pregnancy 


2.4.3.2 Fetal intra-uterine presentations 

The frequency with u hich the various body parts of 
bovine fetuses can be reached by sonography is signifi* 
candy determined by their position within the dam's 
uterus. Until the end of the fourth month anterior and 
posterior presentations of the fetus occur with equal fre¬ 
quency (Fig, 2,173), From Month 5 the anterior pre¬ 
sentations occur more frequently. Between the fifth and 
seventh months of pregnancy about 25 % of fetuses are 
still in posterior presentation. The final positioning into 
an anterior presentation appears to be achieved pre¬ 
dominantly during the transition from the 7th to the 8th 
month, by Days 220 of pregnancy. Thereafter posterior 
presentation can only be observed in isolated cases. 


to the 10th months 


few days from the 2nd 
(Kahn 1989 b), During the second month of pregnancy 

the entire fetus could be depicted regularly at every ex¬ 
amination (Fig. 2J72), In the third month the head, 

thorax, abdomen and pelvis were within reach of me 
penetration depth of the ultrasound weaves in 95 % of 
cases. During i lie following months the accessibility of 
the individual Nidy parts decreased. In Month 5 the 
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of measuring the largest diaiiietefiitpf the 


fig, 2J74: Example of measuring the largest diameter of the 

eye. Sagittal section through the skull ot‘ a fetus on Day 157 of 

pregnancy. 


Ffe 2.175: Exj 

cerebral cranium and the eye. Sngjttal section through the 

skull of a fetus on Day 141 of pregnancy 
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2.4.4 Sonographic fetometry in cattle 


that transverse, sagittal and horizontal sections, as well 
as transitional sections between these, may end up 
being chosen for assessment 


, In order to obtain the 


p 


can be determined in vivo by using intra-uterinc sono- 

that is ultrasonic fetometry (White et 

aL 1985, KAHN 1989 b). There are numerous useful ap¬ 
plications of fetometry in veiemmrv practice. Where 

disluifenoes set in during a pregnancy the extent of 

their affect on the fetus can be assessed by fetal sono¬ 
graphy. Where doubts exist with regard to the time of 
impregnation in pregnant cows 

measurements can be used to establish the real age of 
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points on the border between the anechoic eyeball and 
the hypcrcchoic, surrounding orbit in all cases. The 
largest diameter increases from around 4 mm on Day 

to 10 mm on Day 90 and to 30 mm at the end of 
pregnancy (Fig. 2.1H7 and Tib. 2.1). 

\pan rrom the eye the cranial cavity is another 
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It is thus well suited for fctomctric assessment 
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In order to obtain conclusive results it is important to 

conduct the fe tome trie survey as precisely us possible. 
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cranium form an oval shape which surrounds the brain 


cortex. This dear border is used for the determination 

of the largest inner diameter of the cranial cavity (Fig. 

outer su m 

of the cranial bones is seen as the outer diameter of the 

brain cavity. The cranial cavity can be fomet neatly 
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the largest possible section of the organ is depicted on 


the monitor. Measurements of all sizes are 1 .1 ken along 
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a straight line he tween two points. In this manner, for 

the emwn-ntmp length (CRL) is determined 
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diameter. On Day 60 die largest inner diameter of the 


The eye is the organ that is most frequently available 


cranial cavity is 10 mm and i he largest outer diameter is 

17 mm on average (Fig 


for fetometry 1 by transrecta I sonography during all 


. 1188 and Tab, 2.1). Both 
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increase linearly over the following months 
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sound probe a sect ion w 

of the eve should be obtained (Fig. 2J74 and 2-175), In 
doing so it is not always possible to determine the exact 

. This means 


to reach 63 to 76 mm and 80 to % mm. respectively 
during the seventh muni ]i of pregnancy 
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Fetal structure 

Size 

Regression Time interval 

equation of duta points 

(Days) 

r» 

D 

Braincasc external 

(0/mm> 

y = -13.91 +0.523 x 

(61-209) 

0.97 

104 

Braincasc internal 

(0/mm) 

y = -16.18 +0.438 x 

(61-196) 

0.96 

105 

Crown-rump-length (length/mm) 

y = -10.76 + 0.0199x2 

(31-83) 

099 

107 

Eye 

(0/mm) 

y = -l \ 20 +0.315 x 

-0.00061 x 2 

(60-268) 

0.97 

249 

Femur 

(length/mm) 

y = -0.74 + 0.00187 x 2 

(60-201) 

0.99 

108 

Heart rale 

(beats/mi n) 

y = 193.96 - 0.609 x 

♦ 0.00153 x 2 

(60-252) 

0.70 

261 

Humerus 

(IcngtMnm) 

y « - 1.25 +0.00193 x 2 

(60-191) 

0.96 

78 

Metacarpus 

(length/nun) 

y = 1.33 + 0.00165 x 2 

(65-217) 

0.9K 

108 

Metatarsus 

< length/mm) 

y = -0.52 + 0.00166 X 2 

(63-190) 

0.96 

54 

Os ilium 

(length/mm) 

y = -009 +0 00135 x 2 

(67-201) 

0.95 

52 

Os ischii 

(length/mm) 

y = - 0.0003 + 0.00109 x2<60-211) 

0.97 

50 

Radius and ulna 

(lcngth/mm) 

y = - 1.32 + 0.00187 x 2 

(63-206) 

0.96 

103 

Rib 

<0/mm) 

y = • 5.20 + 0.105 x 

(61-208) 

0.96 

189 

Sca|nilu 

(length/mm) 

y = -2.71+0.00215 x 2 

(63-208) 

0.97 

65 

Scrotum 

(0/mm) 

y = -7.78 + 0.197 x 

(62-211) 

0.92 

53 

Stomach 

lO/mm) 

y = -29.70 ♦ 0.623 x 

(60-211) 

0.96 

153 

Tibia 

(lcngtli/mm) 

y = - 1.01 + 0.00208 x 2 

(63-201) 

0.98 

86 

Trachea 

(0/mro) 

v = - 2.57 + 0.065 x 

(87-252) 

0.81 

58 

Trunk 

(0/mrn) 

y =-13.81 +0.495 x 

+ 0.00173 x 2 

(31-163) 

0.97 

185 

Umbilical cord 

(0/mm) 

y = 2.24 + 0.00121 x 2 

(60-206) 

0.97 

228 

Urinary bladder 

(0/mm) 

y = - 5.13 + 0.149 x 

(60-201) 

0.94 

86 

Vena cava 
Vertebrae 

(0/mm) 

y = - 6.49 + 0.099 x 

(65-201) 

0.93 

64 

cervical 

(0/mm) 

y = -5.40 + 0.106 x 

(61-246) 

0.95 

137 

coccygeal 

(0/mm) 

y = - 5.75 + 0.099 x 

(88-191) 

0.99 

7 

thoracic 

(0/mm) 

v = - 4 44 + 0.095 x 

(62-132) 

0.91 

18 

lumbar 

(0/mm) 

y = - 3.53 + 0.081 x 

(84-211) 

0.92 

21 


Tab. 2.1: Relationships (regressions) of fetal structures to the age of pregnancy 
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Hg. 2.176: The heart rate of bovine fetuses during pregnancy (individual values and 
regression curve). 
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cm. The CRL (measured between the occipital bone 

and the first vertebra or the tail) reaches 12 cm towards 

the end of the t hird mont h of pregnancy (Tig, 2, i 87 and 
Tab, 2,1), The daily increase in CRL is about \ A mm at 
the beginning of the second momh and increases to 
to 3 mm during the third month. The determination of 
the CRL is one of the most accurate means of deciding 

on the age of a fetus (HackhLOER 1984* Witm ci al, 

1985V 


2A4.2 Heart frequency, crown-rump-length 
diameters of stomach, trunk, scrotum and 

cord 


The movements of the heart can Gist be seen very 
early at the end of the first month of pregnancy. Due to 
the relative ease with which the thorax can he depicted 
through the following few months the cardiac action can 
be monitored without much difficulty sec Chapter 
2.4.L4 and Fig, 2.181). In fetuses which lie in anterior 
presentation the heart can often he monitored even 
during the last month of pregnane)'. 

The heart rate of young fetuses Is very high* occa¬ 
sionally reaching a value of L 80 to 204 heats per minute 
during the third month of pregnancy (CURRAN et uL 

1986 b). I he mean heart rate decreases as pregnane)' 

progresses and lies around l 60 beats per minute at Day 

60,150 around Day 90 and 130 to 140 between the fifth 

and ninth months of pregnancy (i < 

,1). Generally, the variations in the heart rate are con¬ 
siderable. In fetuses examined repeatedly at weekly in- 
tcrvals it was possible, in many of them, to detect signif¬ 
icantly different heart rates at successive examination 
times. 


The anechoic lumen of the stomach can be reliably 
recognized anti surveyed towards the end of the second 

month of pregnancy (Fig. 2,177, 2,187 and Tab. 2,1). At 
ill is time the largest diameter of the stomach lies around 

8 mm, It increases linearly during the following months. 

The stomach can regularly be depicted in its totality and 
its diameter determined until the sixth month, there¬ 
after only in individual cases. 

The scrotum can also be evaluated fetomctricallv. 


2.176 and Tab* 


From Day 6U it forms an echoic structure which projects 
from the abdominal wall. The scrotal width can he de¬ 
termined on a transverse section through the pelvic re¬ 
gion. From die fourth momh of pregnancy an exact 
transverse section through the scrotum can be recog¬ 
nized on the basis that both testes are depicted next to 
each other ■ Fig. 2,178)* The largest width of the scro¬ 
tum increases linearly until the seventh month of preg¬ 
nancy and reaches an average of 30 mm (Fig, 2.188 and 

Tab, 2,1). 


■> 


i he crown-rump-length (CRL) of bovine fetuses can 
only be determined over a relatively short period. Due 
to t lie limited size of the image ol most ultrasound scan¬ 
ners it is hardly ever possible to still depict fetuses in 
toto once they have reached a length of more than ID 


Measuring the largest diameter of the stomach. 

Horizontal section through the abdomen of a fetus on Day 

107 of pregnancy. 


Fig. 2,177 


tdth of the scrotum. 


Transverse 

fetus on Day 151 of 


section through the pelvic region of 

nregna ncy. 
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* 2.180: ^ Measuring t h ij largest trunk diameter on a trans 


Fig. 2J79: 


a transverse see 
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[ion through the abdomen of a fetus on Day 81 of pregnancy. 


verse section through a fetus on Day 62 of ptcgiumcy. The cer 
vfcal spine and the cone shaped thorax are hyper echoic. 
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Measurements of the trunk should be taken at its 
idest point, in the region of the last ribs, at the level of 
e liver and stomach. For this purpose a transverse see- 
an through the abdomen should be obtained (Fig. 
179). By examining a section running vertical to the 
xiominal walls it is possible to obtain a round cross 
setion through the trunk. Longitudinal sections 
trough the middle of the trunk in the form of sagittal 
r horizontal sections can also be evaluated (Fig. 
.180). In these cases the height of the trunk or its width 
i longitudinal sections corresponds to its diameter in 
ansverse sections at the same place. For accurate 
icasurements it is important to produce a transverse 
action oriented exactly 90° to the longitudinal axis of 
ic body or a longitudinal section exactly through the 
tiddle of the body. If the transverse section are rotated 
■vay from the vertical plane towards the longitudinal 
bs of the body more oval cross sectional images of the 
nnk are created. These result in inaccurate measure- 
lents. The same is true for sagittal sections that are 
lifted from the median towards a paramedian plane. 

On Day 60 to 70 the trunk diameter of bovine fe- 
ises measures between 20 and 30 mm (Fig. 2.187 and 
ah. 1.2). It t hen increases by 0.9 mm per day to reach 
00 mm around Day 150 of pregnancy (White et al. 
985). At this point it reaches the si/e that equals the 
laximum imaging depth and width of currently 
mployed ultrasound equipment. This prohibits the 
Dmplete depiction of the entire trunk diameter in the 
allowing months of pregnancy. 

The umbilical cord Ls easy to find in many instances 
hd its largest diameter can lie determined (Fig. 2.161 
nd Tab. 2.1). Its very tortuous course usually makes it 
asy to produce a transversely oriented section through 
he umbilical cord. 

U.4.3 Cervical, thoracic, lumbar, coccygeal 
brtchrae and ribs 

It seems inaccurate to take sonographic measure- 
sents of individual vertebrae or of the cross sections of 
■*>. Due to their intense echogenicity these bony struc- 
fcres are easily recognized at an early stage of pregnan- 
t. but relative changes in their sizes arc too small to dc- 
bcL because of the limited resolution of conventional 


ultrasound scanners. Their borders are also not clearly 
demarcated and. particularly during early pregnancy, 
they correspond to the bones' ossification centers rather 
than to their actual outlines. 

However, it is possible to measure the length of a 
whole section of the vertebral column which includes 
several vertebrae (Fig. 2.182). This would then yield the 
number of vertebrae per unit length. From this parame¬ 
ter the number of vertebrae in a particular section as 
well as their individual size and ihat of the intervertebral 
spaces can be deducted. For this purpose measure a sec¬ 
tion of the vertebral column as long as possible and 
divide its length by the number of vertebrae included. 
During the second half of pregnancy this measurement 
often includes not more than 3 to 4 vertebrae on a 
single image, whereas 7 to 8 vertebrae can he seen 
simultaneously on images taken during the first third of 
pregnancy. 

A similar approach is suitable for measuring rib cross 
sections and intercostal spaces (Fig. 2.181). A horizon¬ 
tal section through the fetal thorax is required for this 

measurement. In the same wav as the size of individual 

* 

vertebrae was determined, the size of single rib cross 
sections and their corresponding intercostal spaces can 
be calculated. 

I hc cervical vertebrae arc easiest to reach and are 
usually detectable until the end of pregnancy. The 
length of one cervical vertebra and its adjoining inter¬ 
vertebral space increases from 2 to 4 mm in the third 
month to 25 mm in the eighth month (Fig. 2.187 and 
Tab. 2.1). 

The sizes of thoracic, lumbar and caudal vertebrae 
lie in the same range (Tab. 2.1). They are, however, less 
easily measured and. by virtue of the intra-uterine posi¬ 
tioning of the fetus, they are inaccessible by sonography 
during the last third of pregnancy. 

The size of the rib cross sections and their intercostal 
spaces correspond to the length of the vertebrae and 
their intervertebral spaces (Fig. 2.188 and Tab. 2.1). As 
long as the thorax is still within reach of the sound waves 
they can be depicted. Measuring the length of a rib is 
impossible, because its size usually exceeds that of the 
ultrasound scanner’s image, and because of its curved 
shape it cannot be projected in a single imaging plane. 


by Dr.Stator & Saraajka 
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Measuring the length of the diaphysis of 


a fetal 


1X4: Measuring the lengths of the ilium and ischium in 

section through the pelvis of a fenis on Day IW of 


Fig* 2.1X3 

metacarpus (M) on a section through a foro limb showing also 
the lirsi T second and third phalanxes (1, 2, 3) on Day 125 of 
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the pelvic portion of a fetus on Day 104 of pregnanq 
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The optimal approach for the fe tome trie age deter- 
mination of bovine fetuses depends on the stage of the 

pregnancy and on the accessibility of the fetal body 

can he readied the biometry of 
the eye and the skull cavity should be considered relia¬ 
ble parameters. Tile eyes and skull cavity can be meas¬ 
ured very accurately and arc usually accessible through¬ 
out the course of the pregnancy. Apart from these there 

are numerous suitable body parts that can be used 

during the first half of pregnancy The accuracy of the 
fetal age estimation can be enhanced by the combined 
assessment of as many measurements as possible. 


Front and hind Imi 


2.4A4 


J he tctomctiy of the limb fumes involves the meas¬ 
uring of the lengths of their hypcrcchoic regions. These 

regions represent the ossified sections of their dinphyscs 
(Fig, 2.183, 2.185, 2*186). The ossification centers arc 
characterise! by their very intense reflections. Their 

echoic parts end relatively abruptly at the transitions to 
the cartilaginous components of the bones* \\ hen meas¬ 
uring the length of bones the ultrasound beam should 

impact vertically onto the bone* In 

sifted parts of the scapula, humerus, radius and ulna, as 

metacarpus can be evaluated by fetometry. Since 
the radius and ulna arc difficult to differentiate ultra- 
sonically* their echoes are usually seen as a single one. 
I lie bones of the pelvic limb that are available for feto- 
metric purposes are the ilium. Ischium, femur, tibia and 

metatarsus (Fig. 2J 84 to 2.186 and t ab. 2.1). 

J lie long bones of front and hind limb have approxi- 
mutely the same length and show simitar growth rales 

( Fig. 2.187 

ol M'upula, humerus, radius and ulna, metacarpus, fe¬ 
mur. tibia, and metatarsus have an average length of 12 

to 16 mm on Day 90 and gr ow to 55 to 65 mm in length 
by Day 180. 

Among the bones of the front limb the metacarpus is 

the easiest to reach by ultrasonography and can, in cases 

of anterior presentation, still be depicted in advanced 
pregnancy (Fig. 2,183). When the metacarpal bones lie 
close to the maternal pelvis, the optima! rotation ol t lie 
ultrasound probe m 1 1 often allow them to be brought in¬ 
to the optimal plane relative to the sound beam and 

! hus greatly facilitate the taking ot reliable measure¬ 
ments. Generally, all bones of the front and hind limbs 
can be evaluated fetometrieully until about the seventh 

month ot 

to be depicted completely on a single ultrasound image 


parts. When the head 


the front limb the os- 


wdl as 


2.188 and Tab. 2.1)* The ossified diaphyses 


pregnancy. After t his stage they are too large 


Ffe. 2J86; McasuriiiL: the length of the tlinphysh of the mei.i- 

tarsus in a section through the metacarpus of a fetus on Day 

175 of pregnancy. 
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Estimation of the age of bovine fetuses and pregnancy 

through sonographic fetometry* 
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3 Ultrasonography in sheep and goats 


i : or many years various ultrasound techniques have 
been used to diagnose pregnancy' in sheep and goats. 
! he A - mode and Doppler techniques used in the past 
arc considered non-imaging systems (Lindahl E 969)- 
Neither technique is able to produce an image of the 
concept us. but rather illustrates its presence by detec¬ 
tion of a characteristic pattern of amplitudes or through 
an audible or optically detectable frequency modula¬ 
tion. Today, the imaging ultrasound technique, the real 
time B - mode ultrasonography, Ls used in small rumi¬ 
nants (Fowi hr and Wilkins 1980, TaINTORIER el aL 

1983 a and h). In countries where intensive sheep fann¬ 
ing is practiced (he sonographic examination of these 

animals for pregnancy' detection and the determination 
of fetal numbers is applied routinely (Fowler and Wil¬ 
kins 1984, White et aL 1984, Davey 1986). The im¬ 
aging sonography Is superior to the non-imaging 

methods, because it is more accurate and enables the 

operator to detect the number and viability of the fe- 

tuses (Buckrell 1988, Jardon 1988). 


until Day 35 of pregnanq, Between Days 35 and 7tl 

both methods appear to be equally accurate. The trans¬ 
cutaneous approach is preferred during the second half 
of pregnanq; because it allows a larger portion of the 
pregnant uterus to be visualized and it is much more 

practical 

Generally; scanners with sector, linear and convex 
probes at frequencies of 3.5 to 5.0 MHz can be used for 
both approaches. In practice the frequency of 5 MHz is 
versatile. Linear probes appear belter suited for the 

transrectal examinations, whereas sector probes are 

preferred for transcutaneous examinations. 


3.1.1 Transcutaneous sonography 


For transcutaneous sonography the probe is applied 
10 the groin area immediately cranial to the udder (Fig. 

3.1). In the majority of sheep and goal breeds this area 
is relative iy free of wool or hair, aliowi ng for good cou- 
pling of the probe without prior clipping of the hair in 
the area. In addition, the non-pregnant and early preg¬ 
nant uteri are best visualized from this site. Only during 
the last trimester does the pregnant uterus extend so far 
forward that the probe has to he moved cranially in or¬ 
der to pennit a complete examination of the fetuses. In 
these cases some wot jI or hai r needs to be re moved be¬ 
fore the examination can be performed. In order to ac¬ 
curately count the number of fetuses after Day 100 of 
pregnanq an area of 20 to 40 cm around the udder 
must be clipped and both sides of the abdomen have to 
be scanned. For a simple pregnanq diagnosis, in other 
words a mere distinction between pregnant and non- 
pregnant, the probe can be positioned just cranial to the 
udder and no clipping of hair or wool is required 
in late pregnanq (Fowijzk and Wilkins 1985). 

The transcutaneous ultrasonography can be per¬ 
formed while the ewe is standing, sitting or lying down, 
Practical experience has shown that the examination 


3.1 Technique of ultrasonography in 
sheep and goats 


The ultrasound examination of sheep and goats can 
be performed in two different ways. The internal geni¬ 
talia can be depicted by applying the ultrasound probe 
to the ventral abdomen - the transcutaneous ultrasono¬ 
graphy - or by introducing the probe into the rectum - 

the transrecta I ultrasonography (Fig. 3,1 and 3.2), Both 
methods have been shown to be useful in sheep and 
goals (Fowler and Wilkins 1985, Kaspar 1988, 
Kaspar 1 989). The choice of which technique to use 
depends on the diagnosis that is to be made, the type of 

the available ultrasound probe, as well as the working 
conditions during the examination of Large flocks. 
Based on current experience the transrectal examina¬ 
tion is more accurate ihan the transcutaneous method 
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I should start on the right hand side of the animal. In 

most cases the full rumen pushes the pregnant uterus to 
the right side where it is found with greater reliability 
and speed. The transcutaneous sonographic examina¬ 
tion is greatly facilitated if a helper, standing on the left 

side of the sheep* bends over the animal and pulls up its 

right hind leg. 

Hie probe is applied to the hairless area in front of 
the udder, immediately cranial to the sebum filled in¬ 
guinal gland. The sound waves are directed dorsallv and 
slightly caudomedially. The probe is then pressed mod¬ 
erately against the abdomen in the direction of the uri¬ 
nary bladder. When large flocks are examined working 
conditions should lx: optimized as far as possible. It has 

proven most useful to chase the sheep on to a 80 to 

100 cm high ramp where a standing examine r can scan 

the sheep without too much discomfort. The number of 
sheep that can be scanned in a given period of lime 

depends on the experience of the examiner* the pre¬ 
dominant stage of pregnancy' of the sheep in the flock 

and the prevailing working conditions. Where the pur¬ 
pose of the examination is merely to distinguish be¬ 
tween pregnant and non-pregnant sheep up to 100 ewes 

can be scanned in one hour (De Bois and TA VERNE 

1984). If the number of fetuses in each pregnant ewe 

must also be determined the examination speed will be 
slower and may take up to 1 to 2 min. per ewe in some 

cases. 


recumbency or in a hanging position (Fowu R and 

Wilkins 1985). 

!n order to obtain the best possible image quality it is 

necessary to apply a coupling gei between the skin sur¬ 
face and the ultrasound probe. When scanning standing 
animals the gel is applied onto the scanning surface of 
the probe before the latter is placed against the skin. 
When the animal is scanned in the recumbent position 
the gel is distributed onto the skin surface. In prepara¬ 
tion for the scanning exercise it is very useful to starve the 
animals by removing their feed for 12 hours during the 
preceding night. This precaution often helps to obtain a 
better image quality and thus leads to increased speed 
and accuracy during the examination (BuCKREn. 1988). 

in order to ensure accurate results during the preg¬ 
nancy diagnosis a systematic approach is essential First, 

the urinary bladder should be found and depicted. It is 

easily recognized by its anechoic lumen and typical 

shape t Fig. 3.3). The non-pregnant uterus appears in 
the area of the apex of the bladder. The non-pregnant 
uterine horns are usually found cranially and ventraHy, 
sometimes also laterally, to the urinary bladder. Also in 

the presence of a pregnancy, the uterus can be found in 

the vicinity of the apex of the hladder. Depend nig on 
the stage of pregnancy' one would then follow the ex¬ 
panded pregnant uterus in a cranial direction. 


3.1.2 TransrccUil sonography 


l fie above mentioned information on sonographic 

examinations of sheep relate to small to medium sized 

flocks (< 500 sheep )* More intense experience tin large 

Mocks in prominent sheep farming countries has shown 

that the diagnostic accuracy and the speed of the exam¬ 
ination can both be enhanced by the introduction of 
improved techniques. Such techniques include, tor 
example, the use of clamps that allow the ewe to be 

placed in a special position for the examination. In this 
regard it has been shown that fetal numbers can most 
accurately be determined when the ewe is in dorsal 


A prerequisite for the transiectal sonography is the 

availability of a probe that can be introduced into the 

rectum and whose scanning surface can be rotated ven¬ 
tral ly and laterally. Probes with outer dimensions of 10 
cm length, 3 cm height and 2 cm width can be intro¬ 
duced without any difficulty' into the rectums of sheep 

and goats (KASPAR 1988). 


Prior to a transrcctal sonographic examination the 

animal must be 


properly restrained. This will help to 
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fig. 3.6: Photograph of the same ovary sectioned thn nigh the 
scanning plane in Fig. 3J and showing the 2 corpora lutea. A 

the center of the left corpus luteutn. 


Fig, 3-5: WalerbLiih image of an excised ovary of a ewe. The 

two corpora luieu show the moderate echogenicity of luteal 

tissue, 'I lie ovarian parenchyma is more echoic 




small cavity is present in 
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Fig, 3.8: 1 l ansrectal image of two large vesicles on the ovary 

of a ewe with suspected cystic follicular degeneration. The 

ovary lies eraniovemrally of the urinary bladder c l ) .uid ven 

trally of the non-pregnant uterus (arrows). 


1 ig. 3.7: Transrecta I image of a follicle (diameter 3 7 mm) on 

nanny goat. The ovary lies ventral to the non- 
pELi i ant uterus. Small arrow's demarcate the outline of the 

ovary, large arrows that of the uterus. 
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ination time of I to 2 minutes per animat should K 
peeled (Blc kke i i ct ah 1986). Provided the probe is 
handled skillfully inside the rectum serious injuries do 
no! occur. Irritation of the rectal mucosa may lead to 
mild hemorrhage which is generally harmless 
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stve struggling Advancing and steering the probe inside 


h 


- 


side : Fig, 3,2), If the ultrasound probe is attached to a 


K 
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a- 


the probe into the rectum and then to further manipu 
late it there. Where the cable of the probe is flexible 

pipe or rod can 

probe (dig. 4.3). 

The ultrasound probe is first lubricated and then 

introduced through the anus into the rectum. It is then 

pushed cranially for a tout 15 cm where tlic urinary 
bladder should become visible. Removal of t he feces 
from the rectum or the application of a coupling gel be 

fore the introduction of the probe into the rectum are 

not necessary 'or the transrectal sonography in sheep 

and goats. Once the bladder has been identified the 

probe - with the sound beam directed vent rally - is ad 
vancod slowly while it is also swiveled laterally through 
45 degrees in f >th directions until the uterus comes in 

to view (Fig, 3.4). Occasional!)', feces that tic between 
the probe and the gut wall may obscure the image. By 
moving the probe back and forth a little, or by reintro¬ 
ducing it, this hindrance can be removed. When sheep 
in their second or third trimester of pregnancy are 
scanned it may be helpful to elevate their abdominal 
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3.2.1 Follicles ami corpora lutca 

Based on the findings of examinations on 
ovaries in a waterbath, follicles and corpora lutca of the 
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tissue (Fig, 3.5 and 3.6), A cavity of a few millimeters 


can be seen at the centers of many corpora lutca. Fol 
iictcs are character i/cd by the presence of ancchoic 
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of the cycle in sheep and goats ■ BucKRhU 1988), Fol 


licles and corpora lutca of sheep and goals 


can to so 
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employed ultrasonographic equipment. In 
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sheep with unknown cyclic activity, for example, most 


nant uterus, i ransrectaJ sonographic examinations take 
a little more time to perform than the transcutaneous 
ones. When many animals are to to necked an exam 


follicles have a diameter of only a few millimeters which 

below the resolution capacity at which reliable inter 
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pretations of the image can still be made. At times fol¬ 
licles of 5 mm diameter or more can be identified on the 

ovaries of procstrous ewes (Fig. 3.7). Large, anechoic 
vesicles can also be found on the ovaries of animals suf¬ 
fering from the relatively rare condition of cystic de¬ 
generation of follicles (Fig. 3.8), The cavities inside hol¬ 
low corpora lutea of sheep and goats can be confused 
with small follicles. The reason for this is that the echoic 
wall of the hollow corpora lutea may be as thin as 1 to 

mm and thus frequently overlooked. 

Based on the as yet limited experiences it can he con¬ 
cluded that transrectal ultrasonography may be useful 
in assessing ovarian features in specific ovine and cap¬ 
rine cases, for example determining follicular develop¬ 
ment after superovulatory' treatment. Studies on goats 

have shown that the ovaries with their developing fol¬ 
licles could only he identified in some animals during 
the first few days of superovulatovy treatment (Dorn et 
al. 1989). Only prior to ovulation, w hen some of the Fol- 
lides reached an inner diameter of up to 10 mm, could 
the ovaries be found with certainty. 

In studies conducted by the author the follicular 
development in superovulated sheep was observed. By 


transrectal sonography the ovaries were reliably de¬ 
tectable - if they had responded to the hormonal them* 
py with follicular activity. The image resulting from 
many adjacent* anechoic follicles was so 

ovaries could be identified without difficulty. The larg¬ 
est follicles of sheep had a diameter of 5 to 6 mm on the 
day of prostaglandin treatment and 6 to 8 mm on the 

day of ovulation (Fig, 3,9 and 3.10). Ultrasonography 
made it possible to assess whether a ewe had responded 
with the development of multiple follicles to the hormo¬ 
nal treatment. The exact number of follicles could only 
be estimated. Some of the sheep were examined by 
transcutaneous endoscopy after they had been exam¬ 
ined by transrectal ultrasonography, l his revealed that 

the sonographic examination enabled the investigator 

to correctly establish the tendency in follicle numbers, 
hut that counting the exact number of follicles was im¬ 
possible. 

f )ccasionaUy, and only with difficulty, could ovaries 
be identified that had not. or only inadequately, re¬ 
sponded to the superovulatory treatment by the devel¬ 
opment of multiple follicles. 
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Fig* 5.1 J: Sagittal section thn m h the non-pregnant uterus of 

a ewe* The greater curvature of the uterus is marked by 
arrows. Trails rectal ultrasonogram. 


Fig* 3,12: Sagittal section through the uterus of a ewe on the 
day of estrus following superovulatory treatment* Multiple, 
small fluid collections (arrows ) are visible inside the lumen of 

the uterus. Tram rectal ultrasonogram. 
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During a transrccuil examination, a sagittal section 
through the uterus is produced if the probe is held 
dorsally above the uterus, and its scanning plane is 
directed vcntr;illy and parallel to the longitudinal axis of 
the bod} (Fig, 3.11), The crania) border of the uterus, in 

of its larger curvature, can lie seen as a convex 
structure. The lesser curvature of the non-pregnant 

uterus can only be recognized with d il tlculty. On section 

the uterine wall produces a homogenous, coarsely 

granular echo/f he uterine lumen or any fluid accumu¬ 
lations inside the uterus can usually not be delected 
in the normal, non-pregnant uterus. Only during pro- 

cstrus and cstrusof ewes treated tor superovulation did 

me uterus regularly contain fluid accumul.ilions (Fig, 

3,12). 


Generally* the Gildings on the non-pregn.mt uterus 
as well as the uterus and conceptus during pregnancy 
are similar in sheep and goals (Tainturier el aL 1983 a 

and b)* 


3,3.1 Non-prcgnant uterus 


The non-pregnant uterus of sheep and goats can be 

found inside the pelU is in the vidniiy of the apex of the 
urinary bladder. It can be depicted by transrcctal, as 
well as transcutaneous sonography (Fig. 3,3 and 3,4) r 
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F ix. 3.13: Uterus of a nanny goat on Day 12 of prrenano The 
ancchoic fluid of an embryonic vesade (2 arrows) can he seen 
inside the uterus in the area ol the curvature. *ITie uterus is 
positioned on the hypcnxhoic pelvic floor. Transrcctal ultra¬ 
sonogram, 



fig. 3.15: l ’term of a ewe on Day 25 of pregnancy Three an- 
eehoic sections through cmbtyonic vesicles can he seen just 
unnialh to the urinary bladder (U). Their transverse diam¬ 
eters measure about 12 to 15 mm. Transfect al ultrasonogram 



Fig. 3.14: Uterus t arrows | of a ewe on Day 21 of prega 
Serseral unechoic sections through embryonic veseks a 
seen in the uterine lumen. The urinary bladder (l_ > lies 
dally to the uuteniv Transaxial ultntsonogrum. 
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3.3.2 Pregnant uterus 

3.3.2.1 Before Hay 2(1 of pregmma 


Pi ior to Day 20 (ransrectal sonography may he use¬ 
ful as a research tool to study, for example, embryonic 

death; it does not constitute a practical means of relia¬ 
bly diagnosing pregnancy at this stage. 


The earliest indication of the presence of a pregnan¬ 
cy is the demonstration of embryonic fluid inside the 

uterus. The troplioblast of the ewe and goat begins to 
elongate considerably from the Day 11 of pregnancy 

(King ct al, 1982). By Day 13 to 14 the embryonic ves- 

idc lies as a 10 cm [ong tube in the uterine hom ipsilat- 
cral to the corpus luteum of pregnancy. Bv Day 1 ft to 18 
it extends into the contralateral hom (RowsON and 
Moor 1966). Around Day 20 of pregnancy the narrow 
embryonic vesicle extends from the tip of the pregnant 
hom to the lip of the contralateral hom of the uterus. 

Trans rectal stenography occasionally allows the visu¬ 
alization of ancchoic sections through the embryonic 

vesicle between Day’s 14 and 19 of pregnancy Buck- 

Rlili. 1988), During thi^ period the demonstration of an 

ancchoic lumen is. however, unreliable and cannot he 

used to positively diagnose pregnancy. The chorionic 
and amniotk vesicles contain so little fluid at this stage 
that the embryonic vesicle of only a few millimeters can 
only sporadically be visualized (Fig. 3.13). Small fluid 

accumulations in the uterus can alsi« originate from 

causes other than pregnancy. 


33.2.2 Day 21 1 to 40 of pregnancy 


From Day 2I 1 to 25 of pregnancy the demonstration 

of embryonic fluid is regularly possible in sheep and 
goats examined by t ransrectal sonography (Buckrell 
1988). At this stage of pregnancy ancchoic embryonic 
fluid accumulations occur inside the lumen of the early 

w 

pregnant uterus - frequently even in several places 
which appear as a series of vesicles (Fig, 3.14 i. They can 

usually be found immediately cranial or cranfovent rally 

to tlie urinary bladder (Buckrell ct al, 1986, GEAR¬ 
HART ct al. 1988). The amount of embryonic fluid in¬ 
creases rather rapidly over the following few days so 
that ever larger portions of 1 lie embryonic vesicle be¬ 
come visible. The largest cross sections through the ves¬ 
icle increase from around 10 mm on Day 20. to 15 mm 
on Day 25 and to 20 mm on Day 30 (I ig. 3,14 to 3.16). 

the connections be¬ 
tween locules of embryonic fluid which would demon¬ 
strate that they are all pans of a single embryonic ves¬ 
icle. More often, an image consisting of apparently 
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Fig, 3,16: Uterus of a ewe an Day 29 of pregnancy. Throe an 

echoic sections through embryonic vesicles are visible, Trans 

reel at ult rasonogra m, 


Fig, 3.17: Photograph after a sagittal section through the right 

uterine horn of a ewe on Day 29 of pregnancy. The uterine In 
men is partitioned into several compartments by vertical folds 
of the uterine wall* Bowl shaped caruncles (s niall arrows) are 
recognizable. The greater curvature is marked by huge nr 

rows, the cervix (C; partly cut off) lies on 












Fig. 3.18: Uterus of a nanny goat on I lay 24 of pregnancy. J he 

echoic embryo ■ l * lies, surrounded by anechoic embryonic 

fluid, in the ventral section of die uterine horn*Trmsreeial ul 

tn^nognun 


Fig, 3.19: Uterus of a nanny goal on Day 25* The uterus lies 
cranial to the urinary bladder | U). In the ventral section of the 

uterine horn 2 placentomes can be seen as button like protru 
skms. Transreetal ultrasonogram 
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separate, ancchoic areas is seen (Fig. 3.14 lo 3.J6). 
These fluid accumulation* which can he found in sever- 
places in the uterus arc present in singleton and mul- 
pregnancies. The multilocular image of the fluid 
d areas of the early pregnant uterus of small rumi- 
mts is similar to the same phenomenon in cattle 
rhaptcr 2.3). Apparently in early pregnancy, at regu- 
intersaK the uterine wall develops circumferential 
Is which protrude into the uterine lumen, thus se- 
ly reducing the diameter of the embryonic vesicle at 
sites (Fig. 3.17). In sagittal sections through the 
rine horns the endometrial folds appear in the imag- 
plane and thus intemipt the continuity of the al- 


lantochononic vesicle thereby producing the multilocu* 
lar effect. 

The embryos first become visible between Days 25 
and 30 of pregnancy, occasionally earlier (Fig. 3.18). If 
the embryos are dearly visible their heart beat can be 
seen at the same time (Kaspar 1988). At this stage the 
embryos will still lie very dose to the uterine wall. 

Care should be taken to differentiate between plac- 
entomes and the embryos (BuCKKhLL et al. 1986). The 
plaoentomcs first become apparent on the uterine wall 
from about Day 25. At this stage they appear as button 
shaped protrusions, a few millimeters wide (Fig. 3.19). 
I hey are, however, dearly smaller than the embryos. 


by Dr.Stator & Saraajka 







200 Ulrnisomnihipln i/i sheep and i, »,WWW.V0t4aT3b.CO.CC 


Fig. .'.20: Uterus of a ewe on Day 29 of pregnancy . The am¬ 
nion (A) surrounds the embryo as a thin, hypcrcchoic line. 
Transrectal ultrasonogram. 


Fig, .'.22: Twins in a ewe on Day 40 ol pregnancy. Cra» sec¬ 
tions tluough two Ictuses <F) are visible. I'nmsrectal ultraso¬ 
nogram. 






Hg. 3.21: Transcutaneous ultrasonogram o( the uterus of m 
ewe on Day 35 of pregnancy . Two embryos <L) and 4 de¬ 
partments of the uterus can be recognised. 



Hr. 3J3: I loruontal section through an twine Ictus on 
40 of pregnancy, The crown-rump-length measures 4 cm. 
head (H) anti cross sections through the lour extre 
(arrows) can he recognized. I rausrecl.il ultrasonogram 
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3.3.23 Day 40 to 100 of pregnancy 


The amnion can aho first he seen between Days 
3 and 30 (Fig. 3.20). It forms a hyperechoic line which 
ncircles the embryo at a distance of 1 to 2 mm. 

Due to its higher accuracy transrectal ultrasonogni- 
hy at 5 MHz is considered to be superior to the trans- 
utaneous approach until Day 35 of pregnanes; From 
)ay 35 the placental fluid, as well as the embryo and its 
Cart beat can be detected by transcutaneous ultrasono- 
raphy (Fig. 3.21). From this time both methods are 
uitable for diagnosing pregnancies. 

Where the earliest possible pregnancy diagnoses 
re desired, transrectal ultrasonography offers sufficient 
ccuracy to perform pregnancy diagnoses under practice 
onditions from Day 25. Until Day 40 the counting of 
uncept uses is also best done by using transrectal 
onography. Since embryonic losses at this stage of preg- 
ancy can still occur in a small percentage of animals the 
ccuracy of the diagnoses can be further increased by 
erforming follow-up examinations at a later stage. 


From Day 40 of pregnancy counting of the fetuses 
becomes increasingly more feasible (Fig. 3.22). The 
echoic fetuses are surrounded by large amounts of 
hypoechoic fluid between Days 50 and 100. they are 
also well separated from one another and can thus be 
distinguished with ease. During this period the fetuses 
rapidly become larger. Their crown-rump-length is 
about 4 cm around Day 40. increasing to about 7 cm by 
Day 50 (Fig. 2.23). At about Day 60 the crown-rump- 
length of ovine and caprine fetuses surpasses a length of 
10 cm (Evans and Sack 1973) which is the limit of 
5 MH/ probes (Fig. 3.24). For the complete imaging of 
fetuses the application of lower frequency ultrasound 
holds advantages from this time omvards. 
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Fig, 3.24: TransrectJ horizontal section through an ovine fe 
tuson I >iiy 60 of pregnancy. In the apex of the thorax (arrows) 
iies the heart, to the left of that the moderately echoic liver (L) 

with cross sections through some large hepatic blood vessels. 


Hg. 3.25: Transcutaneous horizontal section t i i rough the skull 
of an wine fetus on Day 65 of pregnancy. One eye (arrow) 
with sis lens Lies at the top, the other eye (arrow) at the but 
tom. To the right of the latter lies the hypercehuie oval of the 
cranial cavity. The bipuricta! diameter (BPD) measures 
mm 






23.5 
















Fig. 3 M :Transrcctal horizontal section through the abdomen 

of an ovine fetus on Day % of pregnancy. The hypoeehotc hi 

men of the rumen i R) lies at the lop. the liver (L) al the hot 
lorn, an echoic vertebra on the right. 


Fig. 3,27: ransreetal horizontal section through the thorax of 

an ovine feius on Day % of pregnancy. Shadow artifacts origi 

cunicaOy arranged rib cross sections and run in 


nate from the 


to the depth of the image 
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By taking fetal measurements the age of a pregnan¬ 
cy can be estimated or, in the ease of a known service 

date, the developmental status of the conccptuscs can 

be assessed. Next to many ot her body parts, the bipari* 

etal diameter (BPDi of ovine and caprine fetuses is 
particularly well suited for fetomcinc evaluation (Fig, 
3,25). The biparietal diameter of ovine and caprine fe¬ 
tuses increases nearly linearly during the course of preg¬ 
nancy (Haibu and Pi kkins 1989, HAJBELcl ah 1989). 
(>n average, the biparietal diameter grows from 7,5 to 

10 mm on Day 40 T to 23 lo 26 mm around Day 70 and 
to 40 to 45 mm at about Day 100. 


During the second and third trimesters of pregnancy 

numerous organs of ovine and caprine fetuses can be 

depicted sonographicully (Dr: Bors and Taverne 
1984). In general, the different organs and body pari^ 
produce images similar to those described for bovine te- 
luscs Hiaptcr 2.4i, The cranial cavity and eyes, heart, 

stomach, kidneys and umbilical cord can be depicted 

with particular clarity (Fig. 3.24 to 3.30). As a result of 
their intense echogenicity the bony parts* such as the 

skull, spinal column, ribs and the extremities, can be 

identified without difficulty, The fetuses show intensive 

mobility at this stage, resulting in frequent positional 

changes (Scheerbqom and Taverne 1985)* 
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Fig. 3.28: Photograph of the allantochorion (Al) and amnion 
(arrows) which were removed from the uterus, with the con¬ 
tained Ictus, from a ewe on Day 50 of pregnancy. Numerous 
cotyledons are attached to the aUaniochorionic sac. 




Fig. 3.29: Nuclear magnetic resonance image in horizontal 
plane through an excised ovine uterus on Day 56 of pregnan¬ 
cy. Numerous cup-shaped piuccnlomcs are attached to the 
uterine wall. The liver (L). intestines (1). stomach (S). lung (P) 
and cervical vertebral column (V) of the fetus can he distin¬ 
guished. 



Fig. 3.30: Transcutaneous ultrasonogram of a goat uterus “ 
Day 54 of pregnancy. The cup-shaped placentomcs <P) ie 
facing the fetus. Individual vertebrae can be recognized in 
vertebral column (arrows). The neck lies to the right. 
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During the second half of pregnancy the placcn- 
tomes, apart from the fetus, dominate the sonographic 
image (Fig. 3.28 to 3.31). This is due to their large num¬ 
bers, their increased size and the reduced distances be¬ 
tween individual placentomes. They are often the first 
positive sign of pregnancy that becomes evident during 
an ultrasound examination. The demonstration of their 
presence can be used as a reliable sign of pregnancy and 
is sufficient to make a diagnosis of “pregnant”. 

In sheep and goats the placentomes produce a very 
characteristic sonographic image. Initially they are flat 
and button shaped, but as pregnancy progresses they be¬ 
come more cup-shaped (Fig. 3.29 and 3.30). The pe¬ 
ripheral edge of the caruncle bulges up with the con¬ 
cavity directed towards the fetus. Depending on the 
angle of the section, two typical images of placentomes 
are generated by the ultrasound (Fig. 3.31). Sagittal sec¬ 
tions through placentomes result in sickle shapes, 
whereas horizontal sections produce ring shaped im¬ 
ages. l’he latter have an echoic peripheral zone and a 
hypoechoic center. Sheep usually have between 60 and 
1(H) and goats between 160 and 180 placentomes (Rifra 
1984). The difference in numbers is sonographically not 
obvious. 

Managers of large sheep flocks often ask the ques¬ 
tion: When is the time at which sonographic pregnancy 
examinations yield the highest possible accuracy while 
at the same time providing the most economically rele¬ 
vant information? Transcutaneous examinations with 
an appropriate scanner can Ik performed at high speed 
in large flocks and still yield reliable pregnancy diag¬ 
noses from Day 35 to 40 of pregnancy. The optimal 
time tor an accurate pregnancy diagnosis and simul¬ 
taneously counting the number of fetuses is between 
Days 45 and 85 (Buckrell 1988). Accurate pregnancy 
diagnoses can still be made in the later stages of preg¬ 


nancy. As pregnancy progresses, however, the econom¬ 
ical benefit derived from applying differential feeding 
regimes for ewes carrying singleton or multiple fetuses 
diminishes. Where early pregnancy diagnoses between 
Days 20 and 40 are to be made, the transrectal 
approach should be chosen (Buckrei J. et al. 1986). At 
this time the individual examination is more lime con¬ 
suming and the diagnosis less accurate partly due to the 
possibility of embryonic losses. 

3.3.2 A Day 100 to 150 of pregnancy 

Due to its better image quality, ultrasound at 5 MHz 
is best suited for pregnancy diagnoses until Day 100 of 
pregnancy. Thereafter, the use of 3.5 MHz ultrasono¬ 
graphy may be preferred, because it offers a larger 
scanning field which facilitates the visualization of the 
larger conceptuscs. At this stage the scanning of crani- 
ally displaced parts of the fetus, as well as counting fetal 
numbers are only possible if t he animals arc examined 
transcutaneously. Fvcn with transcutaneous sonogra¬ 
phy it may be difficult to reliably establish the number of i 
fetuses after Day 100 of pregnancy. The fetuses are now' 
so large and lie so close to each other that it becomes 
rather difficult to distinguish between them. 

During the last trimester of pregnancy only the cau¬ 
dal portions of the pregnant uterus can be examined by 
transrectal sonography. Demonstration of placentomes I 
is possible in all cases so that the presence of a pregnan¬ 
cy can be diagnosed even at this stage. Fetal body parts 
are, however, frequently impossible to depict by trans- 
reclal sonography. The latter problem can often be 
solved by elevating the abdominal wall, but the depic¬ 
tion of the fetuses in toto or counting their numbers re¬ 
main impossible. 
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i ij;. 3u3i: Tni im i\-1 11 1 ultrasonogram of three place monies of 
a nanny goal on Day 63 of pregnancy. Depending on the 

direction of the sectional plane the cup-shape of the placen- 

toines will produce a variety of images. 
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3.3.2.5 Accuracy of sonographic pregnancy 

diagnosis 

The ultrasound techniques previously used to diag¬ 
nose pregnancy in sheep and goats - the A - mode and 
Doppler techniques - only yielded satisfactory results 
from Day 60 of pregnancy (Ijndahi 1%*). On et al. 
1981. ROscil et al. 1981, Watt et al. 1984). Roth 
thods have been tested in transcutaneous and trans- 
al applications (Lindahl 1971). When applied by 
ty experienced operators the accuracy in ditferentiat- 
g between pregnant and non-pregnant animals lay 
tween 80 and 90 % (Deas 1977. TRAPP and SLYTER 
983, lAN(.i tmi) et al. 1984). Under field conditions, 
ever, it has been shown that the accuracy of the 
gnosis was often much worse (ScHElfl! ct al. 1986. 
CKRE1.L 1988). The number of concept uses could 
ly not be determined accurately with cither of the 
techniques. 

Through the use of imaging sonography the accuracy 
pregnancy diagnoses are greatly improved (White et 
1984. Taverne et al. 1985. Fowler and Wilkins 
985. Davi Y 1986). In many cases the application of 
is technique has also made the reliable differentiation 
tween singleton and multiple pregnancies possible, 
reliability of the method is, however, very de¬ 
nt on the experience of the operator (White et al. 

. Loot'? ct al. 1987). 

The specificity of the method in recognizing non- 
gnant animals is very high if the operator is ade- 
tcly experienced (Gearhart ct al. 1988). If sheep 
examined after Day 40 of pregnancy all non-preg- 
nt animals are usually correctly identified. False 
gative results only occur if the uterus is not positively 
ntified during the examination. This problem occurs 
frequently in large and well fed animals ( Kaspar 

). 

Using the transrecta! technique the accuracy of the 
>sis “pregnant” can exceed 95 % as early as Day 
(BtKXRhiJ.ct al 1986. Buckkeu. 1988). 


Between Days 40 and 50 of pregnancy the accuracy 
of the positive pregnancy diagnosis (predictive value of 
positive diagnosis) after transcutaneous sonographic 
examinations lies around 95 %. After Day 50 the re¬ 
liability increases to over 99 % (Fowl i k and Wilkins 
1984. TaVERNE et al. 1985, GEARHART et al. 1988. JAR- 
ix)N 1988). 

One reason a small number of erroneous diagnoses 
cannot be prevented is that an animal found pregnant in 
very early pregnancy can suffer embryonic loss and later 
be counted as a false positive diagnosis. Additional 
false positive diagnoses may be made when pathological 
fluid accumulations in the uterus, such as occur in pyo- 
metra. hydrometra and hydrallantois etc., are wrongly 
interpreted as signs of pregnancy. Even fluid accumula¬ 
tions in the gut or in the abdomen can lead to false 
positive diagnoses. Equally, echoic fatty tissues may 
falselv be identified as fetal structures 

Die sensitivity of the method in correct ly recognizing 
all pregnant animals and the negative predictive value 
arc somewhat lower (80 - 90 °r ), because it happens 
occasionally that pregnant animals are identified as 
non-pregnant (Buckrhi .Let al. 1986). 

Differentiating by transcutaneous sonography be¬ 
tween singleton and multiple pregnancies is reliably 
possible between Days 45 and 100 and accuracy can 
reach 90 to 95 % (Du Bols and Taverne 1984. White 
ct al. 1984. Fowu-r and Wiikins 1984. Fowitk and 
Wilkins 1985, Taverne et al. 1985, Davfy 1986. 
Loc.ui et al. 1987). Errors occur with increasing 
frequency before Day 45 and after Day 100. It is very 
easy to make a mistake in determining whether an 
animal is carrying twins, triplets or even quadruplets 
(Owens and Armstrong 1985). 

Therefore transrectal sonography is not well suited 
for counting the number of fetuses. Satisfactory results 
can usualh onh be attained from the 5th to the 7th 
weeks of pregnancy. Thereafter, due to the cranioven- 
tral displacement of the uterus, errors occur more fre¬ 
quently (Gearhart ct al. 1988. Kaspar 1988). 
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Fig. 332: Pyomctra in a goal. Hie uterus is filled with an 
echoic, snowy exudate. 



Fig. .<.33: Hydrometra in a go.it. The filling ol the meat 
horns with hypoechoic fluid and their curved, vomctsawl 
kinked positioning lead to un apparent partitioning n: at 
lumen by hyperechoic wall sections. Transcutaneous ufcra- 
sonogram. 



FljC. 334: Transcutaneous image of the hydrometra in Mg. 
333 about 40 hours after treatment with PGF2u. .Apart from 
small a-sidual amounts of fluid the uterus ( arrows) is empty. 
The vimc scale as in Fig. 3.33. 



Hr. 335:1 iydnillantois in a sheep. The amount of hypuectad 
fluid inside the uterus is greatly increased In eases of hydt a 
ol tlic tei.il membranes one can find placcntomes I Pi 
would he absent in eases ol hydrometra or pyomctra. 
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Uterin e pathology 2( )9 


3.3.3 Uterine pathology 


placentomes arc present. Treatment with PGF2a usu¬ 
ally leads to the prompt emptying of the uterus, but 

amounts of sonographicaliy delectable fluid may 
remain for some time (Fig, 334), 

Early cases of hydrometra, where the amount of 

fluid is rather small, can be confused with pregnancy 
during sonographic examinations. In doubtful cases the 

doe should be reexamined at least 40 days after the last 
service dale. At this time a fetus should be detectable in 
a pregnant doe and an accurate diagnosis can be estab¬ 
lished [ Pti terse and Taverne 1986). 

Dropsy of the fetal membranes includes those eon Ji- 
tions in which there is a pathological increase in the 

amount of fetal fluids, as in hydrallantois and hydram¬ 
nion. In a case of hydrallantois the sonographic exami¬ 
nation will reveal a uterus that is filled to the extreme 


Pathological conditions of the uterus, sudi as pyo- 
metra, hulrametira and muoometra, and in eases of 

abnormal pregnancies* such as embryonic deaths, fetal 

mummification, hydrallantois and Indramnion can all 
be diagnosed by ultrasonography (Buckrell 1988, 

Gearhart et al, 1988). 

Pyometra in the ewe is characterized by an intra¬ 
uterine fluid accumulation which contains obvious re* 

flections (Fig, 3.32), The echogenicity of the fluid de¬ 
pends on the relative amount of cellular material in the 
secretion. A snow--sionm-like image is typical. 

The term hydrometra in goats signifies the accumu¬ 
lation of large amounts of sterile fluid inside the uterus 
in the presence of a persistent corpus luteum and ifie 

failure of the doe to cycle (Pietersi and Taverne 

1986). The ultrasound image in a case of hydrometra is 

cbarucceriwd by the large, hypoechoic fluid accumula¬ 
tions inside the uterus (Fig. 333). Frequently, several 

closely adjacent fluid filled cavities separated by sec¬ 
tions of thin uterine wall can be seen. This image origi¬ 
nates from the coiling and kinking of the uterine horns 
which are filled with secretions and portions of which 
form tightly apportioned locules. No fetal echoes or 


with anechoic fluid (Fig. 335), As is the case in hydro- 

uterine wall will 


meira, lujiercchoic sections 

traverse the allantoic fluid. In order to differentiate be 


of the thin 


tween hydrallantois and hydramnion on one hand and 
disturbances in non-pregnant animals (pyo- and hydro 

meira i on the other one should look for fetal siruetures. 
Typically, in cases of dropsy of the fetal membranes, 
pi ace n tomes and/or fetuses can be depicted whereas 
diese arc not present in cases of pyo- and hydrometra. 
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4 Ultrasonography in pigs 


ed initially, the same procedure is repeated after mov¬ 
ing the probe several centimeters in a craniat or caudal 
direction, in order to depict the left and right compo¬ 
nents i if the uterus and ovaries of pigs both sides of the 
abdomen must be scanned. In doing this it is often pos¬ 
sible to find both halves of the uterus, but it is often not 
possible to differentiate between the left and the right 

uterine horns. The full stomach and spiral colon often 

push the uterus towards the right side of the abdomen 
where it is then usually easier 

Restraining methods or sedation of sows are usually 

unnecessary during either the transcutaneous or the 
transrectal scanning procedures. It is also not necessary 

to remove the hair in the area where the ultrasound 
probe is held against the skin. The sows should be tied 
up or held in a tight chute during the examination. Of¬ 
fering them some feed may distract and calm them. 


In pigs pregnancy diagnosis by ultrasound tech* 
nitjues have been utilized tor many years. As in sheep 
and goats the non-imaging techniques, such as the ultra* 
sound-Doppler (Fraser ei al. 1971, Isakov 1974) and 
A-mode techniques (I indahl et al 1975* O’Reilly 
1976, Pejsak and Wlerzchos 19B1, Balke and El¬ 
more 1982) were used for this purpose, 

h. 

In recent years the imaging ultrasonography has 

been used more frequently to diagnose pregnancies 

■ Kaha et al. 1983, Botero et al, 1984, Irie et al. 1984, 

Cartee et al. 1985. Taverns et al 1985, Tainturier 

and Moysan 1985, Jackson 1986). 


to find. 


1 Technique of ultrasonography 


The imaging ultrasound technique can be used in the 
pig by applying the probe to the skin of the ventral ab¬ 
domen f i : unscutancous* sonography) or by introducing 
the probe into the rectum (transrectal sonography) 

(Cartel et al. 1985, Fraxjnholz ct al. 1989), 


4.1.2 Transrectal sonography 


During the transrectal sonographic examination of 

sow’s the probe is best manipulated from outside the 
rectum after advancing it into the rectum and then ro¬ 
tated over the uterus (Fig. 4.2), Manipulating the probe 

with one hand inside the rectum is often difficult and 
can stress the animats considerably. In order to 
to manipulate the ultrasound probe from the outside, 

the probe and its connecting cable must be stiffened. 
Fori his purpose t he probe and the cable are tied to a 80 
cm long guide-rod made from a non*twisting material, 

plastic (Fig, 4.3), 'i he rod encloses the 

cable and the probe on 3 sides, leaving only die scan¬ 
ning surface open. With the aid of this rod the probe 

can then be advanced and withdrawn or rotated in the 

desired direction inside the rectum (FRAUNH0L2 et al, 
1989), 


U .1 Transcutaneous sonography 


For liic transcutaneous sonographic scanning of the 

sow the probe is held against the skin surface of the ven- 

dorsal to the last three mammary 

complexes, in the area from the attachments of the 

mammary glands to 15 cm further dorsally (Fig. 44). 

The probe is held in such a way that the sound plane lies 
level and impacts perpendicularly onto the abdominal 
wall and an area of about 20 by 15 cm is scanned. I mag* 
mg the pregnant uterus is achieved fastest if the hori¬ 
zontally oriented scanning plane is rotated up and down 
through the abdomen. Should the uterus not be detect¬ 


tral abdomen, :ust 


such as metal or 
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I'Ik. 4.4: Multiple corpora lutea on an excised ovary of a sow. 
Ultrasonogram produced in a waterbalh 



H(t. 4.6: Ovary lamwsl w ith several follitlo (diameters range 
from f» ti» 10 mm»adj;»eent to the urinary bladder |l l)ma sow 
•n puvstms about 4 days after weaning her litter Transrectal 
ultrasonogram. 



Fig. 4.5: Photograph of the same ovury sectioned in n scanninc 
plane analogous to that in big. 4.4 Numerous corpora lute* 
can be seen. 



Hr. 4.7: Os ar> with several corpora lutea (arrows) m a sow 
Day 1‘* of pregnancy The hypoechoc luteal tissue is embed¬ 
ded in the more hypcTcchoic ovarian parenchyma Transrecud 
ultrasonogram. 
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Prior lo the turisredal examination as much of the 

feces as possible should be manually removed from the 

rectum, then Ihc probe introduced and pushed forward 

along the rectal floor* if the nr ihe becomes trapped in a 

rectal fold it may be helpful to 
rectum for a short distance by enclosing ii in a hand. 
Depending on the size of the sow that is to he examined* 
its re pi ■ uluciivc status and the organ that is targeted the 
probe is advanced to a depth of about 30 to 40 cm. 1 he 
dimension^ m the prnbe used for this examination 

should not exceed a width or height of 2 to 3 cm and a 
length of 10 cm* Provided the procedure is conducted 
skillfully there is no need to be afraid of serious injuries 
during the examination* 


4.11 


iliicles and corpora lutea 


I 


Follicles are characterized by the ancchoic follicular 
fluid* Normally there are numerous follicles with diam¬ 
eters between l and 6 mm on die ovaries of sows at all 

stages of the estrous cycle (Sghnurrbusc i i ct ah 1V81 ), 

A few days prior to ovulation larger follicles bei ■ >me vis¬ 
ible* so that during proeM rus and i us Severn 1 follicles 

with diameters of 5 to 11 mm can be found i big* 4*6k 

C onfusion am be caused ly the present of hemor¬ 
rhagic corpora lutea and i he larger bhxxl vessels in the 
vicinity of the (wanes. Cross sections through blood ves¬ 
sels need to he 

licks. 


sonogruphically differentiated from fol 


Usually most estrous follicles in the pig reach ovula¬ 
tion* Only occasionally do large follicles and corpora lu¬ 
tea occur simultaneously* This may happen during the 

cycle as well as in pregnancy. 

Corpora lutea produce the 

sue (Fig. 4.4 and 4.5J* Their sonographic cross sect kin is 

hypocchoic. I lie surrounding ovarian stroma is a little 
brighter. They are more difficult to recognize th 

liclcs* Since they lie very close together on the ovaries 

then numbers can usually only be estimated (Fig 4.7), 

i uteinized and hemorrhagic corpora lutea can occur 

simultaneously (M.aoec el al* 1988). 1 he size of cyclic 

corpora lutea varies between 5 and lb mm (Sc 'HNURR- 

busch et aL 1981, M \DBC et al* i 988 )* Corpora lutea of 

pregnancy can be 1 to 2 mm larger* 


Ovarian structures in 


Using tnmsrcctal examinations it is frequently possi¬ 
ble to sonpgraphically depict the porcine ovaries 
( Frauni iot^ 1988). J I he ovaries can also be scanned by 

transcutaneous ultrasonography (MaDEC et al* 1988, 

Whttze et al* 1989). I he ovaries of both, non-pregnant 

and pregnant sows can be depicted. Based on current 

experience, it may sometimes be difficult and lake time 
to find the ovaries on both sides of the body* [n addi¬ 
tion, when sows are scanned transcutancously, it is 

necessary to change sides. 

In general, follicles* corpora lutea anu ovarian cysts 

can be sonographically depicted. The exact identifica¬ 
tion and aiunting of the different functional Structures 
on ihc ovary roquires practice and may often be possible 

only to a limited extent* 


echo typical of lutea] tis- 


an fol 
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Hr. 441: Photograph »*( a cut through the ovary of a «» with 
fottcular and hemorrhagic eyas. 



Flu. 4.10: Multiple ovarian cysts in a vow. Ihe diameter* ol 
cysts may sometimes reach 3 to 4 an. Transrecta I ultrasono¬ 
gram 



Hg. 4.1: Multiple ovarian cysts m a sow. The diameters of the 
cysts range from 20 to 30 mm Ultrasonogram produced in a 
waterhalh. 



Fix. 4.11: Ovarian cysts with internal echoes of varying intent 
sides in a sow. Ultrasonogram produced in u waterbadt 
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4.2.2 Ovarian cysts 

In the sow any vesicle larger than 12 to 15 mm on the 
ovary is considered to he an ovarian cyM. Cystic ovarian 
degeneration occurs in a significant percentage of older 
sows. An incidence of between 10 and 15 % has repeat¬ 
edly been found in slaughtered sows (V,\Nt)br lassoie 
et al. 1971. flHHt-Ki 1984). Generally, three types of 
cysts a a* differentiated: Follicular cysts with translucent 
walls and dear fluid contents: luteal cysts with a lutein¬ 
ized wall that is a few millimeters thick; and hemor¬ 
rhagic cysts with a strong wall and bloody contents 
(S< HNI KKHt sot ct al. 1981). Ovarian cysls can be 
found in the presence of other follicles and corpora 
lutea. If they are single they are not necessarily con¬ 
sidered to be interfering with normal fertility and they 


may regress spontaneously. If they arc multiple, reach a 
considerable size and occur in the absence of any 
normal functional structures on the ovaries thev are 

a 

considered to be the cause of cyclic disturbances. 

The sonographic image of ovarian cysts is character¬ 
ized by their hypo* or anechoic inner space and by the 
size of the vesicular structures. The inner diameter of 
cysts varies from about 15 mm to several centimeters 
(Fig. 4.8 to 4.11). The echogenidty of the fluid inside 
follicular cysts is similar to that seen in normal follicles. 
It contains no a* fleet ions. In contrast, hemorrhagic cysts 
contain inner echoes (Fig. 4.11). The ultrasound image 
of the contents of hemorrhagic cysts varies from a few 
reflections to a trabecular network. These reflections 
originate from fibrin and collagen which organizes the 
cysl contents. 
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Fig. 4.12: Non-pregnant uterus (arrows) of a sow. Due to its Fig. 4.13: Cervix of a sow in pmestrus 4 days after her pip.lv 
tortuous nature, several sections through the horn ate dc- were weaned, lire cervical rings cause the cervical cart 
picted I ransrcctal ultrasonogram. (arrows) to run u winding course. Trunsrcctiil ulirasonogran 



Fig. 4.14: Pregnant uterus of a sow on Day 20 after inscmuw- Fig. 4.15: t 'terns and embryo (L) in a viw on Day 23 of j | 
tion. Ancchow. embryonic fluid is depicted inside the uterine nancy. The embryo’s length ts about 12 mm. Transit -j 
lumen. Transrectal ultrasonogram ultrasonogram. 
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ancchoic areas in 


of ihc early co nee plus will appear as 

side the uterine lumen, 

the echoic uterine wall 


3 Uterine structures in pigs 

4.3.1 Non-pregnant uterus 




surrounded by 
* If conception has taken place, 

one may occasionally see the first signs of fluid accumu¬ 
lations between Days 12 and 14 post insemination. De¬ 
pending on the position of the uterine horns, the direc¬ 
tion of the sonographic plane and ihc number of con- 

ceptuses. varying numbers of dark sections through 
embryonic fluid may tx* detectable (BOTEROet ah 1984, 

CarteecI ah 1985, FRAUNHOLZei aL 1989). Between 


and they will be 


The non-pregnant uterus of the pig ts difficult to rec¬ 
ognize with certainty. The uterine wall produces a fine¬ 
ly granular, homogenous echo pattern (Fig, 4.12), Due 
to the tortuous nature of the uterine horns their ultra¬ 


images usually consist of several cross sections 
through the hums* As long as the uterus contains no 

be difficult to reliably identify it amongst the 


fluid it may 


Days 15 and 20 these ancchoic areas reach diameters of 

10 to 20 mm (Fig. 4,14). At the end of the third week of 

pregnancy echoic structures become evident inside the 
ancchoic fluid. These echoes originate from the em¬ 
bryos and their surrounding amniotic membranes. 

The application of ultrasonography lor pregnancy 

diagnoses before Day 20 of pregnancy Ls not practical. 

False diaui loses cannot be avoided at this stage* because 

detect any embryonic fluid in the 
uterus of pregnant sows at this time Inara et aL 1983). 


loops of intestine. 

Occasionally the cervix can be seen (Fig, 4.13), The 

cervical mucosa appears as an echoic line which follows 

a w inding or even zigzag course. This image is caused by 

the typical pulvini ce meal is of the pig s cervix, If the eer- 

i! canal is slighib open and contains some fluid a 
curvy, pool Ev echoic band, surrounded by the more 
echoic cervical wall will be visualized. 


4.3.2 Pregnant uterus 

4.3.2.1 Before Day 20 of pregnancy 


4.3.2.2 Day 20 to 115 oi pregnancy 


I'he embryos usually become recognizable around 
Day 2d of pregnancy (Fig. 4,15) and their heart beats 

detectable a few days later (Botero et aL 1984, Car- 

tee et a!* 1985* Fraunholz et aL 1989), 


The earliest sonographic indication for the presence 
oi pregnancy is the detection oi embryonic fluid inside 
the uterus. On the ultrasound image the fluid contents 


Avtorsko zasditeno grariivo 






























Fig, 4,16: Uterus of a sow on Day 2fi of pregnancy. The em 

Inyo is surrounded by its amniotie sac (arrow). Its crown 
rump-length ( CRL) measures 

gram. 


Fig. 4.17: Utems of a s<nv on Day 27 of pregnancy, A hyper 

placental membrane (arrows) is drifting inside the an 

echo lc placental fluid. Tra tisrecta I ultrasunugmm 


ph' 


i? 


mm, Transfectal ultrasono 


— 


Rg, 4,18: Uterus of a sow on Day 35 oi pregnancy. The CRL 

of (he fetus measures 31 mm. The head (H) with both eyes, 

front extremities (arrows) and the trunk can he identified. 

F l ranscu la n eous u 1 1 ra so in igra m - 


Fig, 4.11: Horizontal section El re melt die thorax of a potonc 
fetus on Day 65 of pregnancy. The hyper echoic discs of the rib 

cross sections form a cone. The heart (marked by the crosses) 

lies in the apex of the cone. Transcutaneous ultrasonogram* 
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The crown-rump-length {( RE of the embryos 
measures approximately 8 to IG mm around Day 20, 
! 1 mm around Day 28 and 30 to 35 mm around Day 35 
(Fig, 4 + 16 and 4.18)* Their trunk diameter increases 

Irom approximately 10 to 20 mm between Days 25 and 
35 (Martin at- Borrt ei ah 1988)* 

During this period hyperechoie portions of the fetal 
membranes can be seen drifting in the embryonic fluid 

(Fig. 4,17). During the further course of the pregnancy 

the embryos show a very' rapid increase in size i big. 


4.; 9), They reach a CRL of 50 mm around Day 40 and 
100 mm around Day 50 {Lh UffiY et al* 1965, Evans 

and Sack 1973), 

Around Day 30 the contours of the embryos become 
evident and the head* abdomen and the extremities can 
be differentia ted* In the weeks that follow several de¬ 
veloping internal organ- can be identified. The hypo- 
echoic areas of the orbit and stomach, t fie pu Rating 

and the echoic reflections of the rib cross sections and 

the vertebrae are particularly striking (Fig* 4*19 to 




E 


4.21). 


Avlorsko zasditeno gradivo 


























Fig, 4,21; TnmtrccUil ultrasonogram of the head in a porcine 

ferns cm Day 99 of pregnancy. The nose points to the left, the 

eye (Li) lies dorsally and to its right is the oval cerebral era 

ilium, Transrectal ultrasonogram 


Fig, 4,20; Horizontal section through the thorax of a porcine 

fetus on Day 93 of pregnancy. Behind the hyperedioic ri^ 

cross sections lie the stomach (S> and the heart (H), Tnuatrc 

tal ultrasonogram* 
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I ig. 4.22: 'lire accuracy ( 
of transrectal (5 Ml Iz) and transcutaneous (35 and 5 MHz) ultrasonography for 
pregnancy diagnosis in pigs {adapted limn FraunhDlz et al. 1989), 


Avtorsko zasciteno 



























































































www.vet4arab.co.cc 


Pregnant ul?nis 223 


4.3.2.3 Accuracy of sonographic pregnancy- 
diagnosis 

In comparison to the previously used ultrasound 
techniques * the A-mode and Doppler methods - the 
imaging sonographic examination permits an earlier 
diagnosis of pregnancy and yields reliable results (CAR- 
not ct al. 1985. T A VERNE et al. 1985). 

A comparison between the transrcctal and trans¬ 
cutaneous approaches to pregnancy diagnosis in breed¬ 
ing sows rescaled that the transrcctal method offers 
more advantages during weeks 3 and 4 of pregnanes 
due to its higher accuracy (Fig. 4.22). The accuracy of 
all diagnoses established by transrcctal examinations 
during Week 4 exceeded 90 % (Fraunholz et al. 
1989). It was also showii that higher frequency ultra¬ 
sound of 5 Ml Iz produced more accurate results than 
the lower frequency of 3.5 MHz. 

From Week 5 the choice of method or frequency 
had no significant effect on the accuracy of the preg¬ 


nancy diagnoses. At this stage between 91 and 100 r 't of 
diagnoses were correct, irrespective of whether the ap¬ 
proach was transrectal or transcutaneous and the fre¬ 
quency was 3.5 or 5.0 MHz (Bai kk and Ft MORE 1982, 
Car 111 ct al. 1985). Overall, the conclusion non-preg¬ 
nant" was considered reliable from Week 4 of pregnan¬ 
cy and the conclusion “pregnant" from Week 5. An 
exact determination of the number of fetuses is not 
possible by ultrasonography (Tainturilr and M os SAN 
1985). 

Die diagnostic confidence associated with ultrasono¬ 
graphic examinations during early pregnancy largely de¬ 
pends on the experience of the examiner. For general 
pig practice it cam be concluded that ultrasonography 
offers a highly accurate means for pregnancy diagnoses 
from Day 30 after the last insemination. Very experi¬ 
enced examiners can sometimes achieve very reliable 
results between Days 22 and 24 (Inaha cl al. 1983. Ikii- 
et al. 1984. Tavi kni- et al. 1985. Bcm-RO ct al. 1986. 
MARiiNAi-Born- et al. 1988). 
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Fig, 5.1: Sonography in a standing bitch using a sector scan 
ner, The uterus ties dorsal to the urinary bladder (U). 




1 ig. 5,2: Sonograpliy in 3 pregnant bitch in lateral recumben 

cy using a linear scanner. Hie uterus, in the tubular stage, Lies 

cranial to the urinary' bladder (U) 
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Ultrasonography in dogs 


and cats 


The application of sonography during reproductive 

and obstetric examinatioas is enjoying increasing popu- 
Unity in small animal practice. Imaging ultrasonography 
frequently offers a suitable alternative to radiological 
examinations. It can thus contribute to a reduction in 
the technical efforts and safety risks that are associated 
with radiographic examinations. In addition, sono¬ 
graphy makes early pregnancy detection possible and 
usually permits an assessment of the viability of the con- 

ccptuscs., Also in its application to diagnose other 

pathological conditions of the genital tract ultrasono¬ 
graphy can be considered equally, or even more effec¬ 
tive than other diagnostic techniques (PlOFFENHARGER 

and Feeney 1986). 


quality. Although one could omit the clipping of dogs 
with a sparse coat, this may have disadvantages. If the 
hair was not removed prior to the examination, in order 
to achieve high image quality, the probe has to he 

pressed more firmly against the skin and more coupling 
gel needs to he applied. The excessive coupling gel is 
then more difficult to remove after the examination. It 

is also much more difficult to handle probes with large 

contact surfaces, mostly linear probes* on undipped 
dogs- Based on current experience dog owners tolerate 
the clipping of hair between their dogs' mammary 

glands quite well. Obese animats, even if their hair is 
v Hipped, tend to provide unsatisfactory ultrasound im¬ 
ages (Ta verne et ah 1985). In lactating bitches as well 

as those with inflammatory or neoplastic changes in the 
mammary gland die approach through the linca alba 
may be difficult. In such animals it will be beneficial to 

sition the probe above the mammary glands. 

phic examination can be performed on 

r- a unbent bitch without sedation (Fig. 

5.1 and 5,2), Larger dogs should be examined while 

they are standing. In this position the uterus will lie clos¬ 
est to the ventral abdominal wall, it cannot easily escape 
to a more lateral position and is thus easiest to reach. 
Also* animals that are sick or in late pregnancy experi¬ 
ence the least amount of stress and discomfort in this 

position. Smalt dogs and cats are easily examined in lat¬ 
eral or dorsal recumbency (Gunzeu. and LOning 1983). 

In pregnant females in dorsal recumbency it should be 

borne in mind that the pressure ol the fetuses onto the 
larger abdominal vessels can interfere with circulation. 
Forced respiration or panting can seriously affect the 
stillness of the image and thus make its interpretation 
much more difficult. Tempi mob closing eitliei the 
mouth or the nosl: iK of the dog can reduce the disturb¬ 
ing effect of respiratory movements* or momentarily 
remove them. 


in 






For reproductive and obstetric examinations in dogs 
and cats transcutaneous sonography is used. The ultra¬ 
sound probe is positioned externally against the ahdo- 

minal wall (Fig. 5.1 and 5.2). A transrectal approach* 

using small rectal probes adapted from human medi¬ 
cine. appears feasible in larger bitches, but lias not been 
tested adequately in veterinary practice. 

Linear, sector and convex scanners arc all suitable 

for transcutaneous sonography in dogs and cats. The 

use of 5 MHz scanners in small animals presents a use- 

ful compromise between image quality and scanning 

depth. 


Of critical importance for optimal image quality 


is 


the air-free coupling between the probe and the pa¬ 
tient's skin because hair is very disruptive. Before dogs 
and cats are to be scanned a 5 to 8 cm path should be 
clipped between the two rows of mammary glands* ex¬ 
tending from the pubis to cranial of the umbilicus. Even 
in dogs with few hairs clipping will improve the image 
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Hr, 5.4: Transcutaneous view < if the urinary bladder (U) and 

the uterus in ;i hitch examined unit a sector Sk.” inner i>u I )av 2^ 

( *- " p r - ' - 'j? ■; . L 1 . J■ * 1 , * *i ■ ,, ■ ■ ^. ■ i »• “• ■ r, i"5 r f , | 

of pregnancy. Cranial to the bladder is a concept us (arrows) 


Rg. 5.5; Urinary bladder (U) and non-pregnant uterus ui the 

level of the cervix (arrows) in a bitch. Using transcutaneous 

sonography with the beam directed veatrixlorsully with the 

probe applied to the vcmral abdomen, the unechoic urinary 

bladeL t will be imaged close to the transducer and the uterus 
will lie in the depth of the image. 
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echoic organ and wives as ihe reference point for the 

examination, A full 

ultrasound examinations. The bladder is easier to find 

when it is full and it acts as an acoustic window, because 
its fluid contents will cause the relative amplification of 
the ultrasound passing through it and this facilitates the 
imaging of structures behind it. Dorsal to the urhuiTv 
bladder lies the rectum. In transverse section it pro¬ 
duces a round cross section with the surface closest to 

the transducer producing a bright and convex image. 
Due to the absorption of the sound waves by the rectal 
contents* an acoustic shadosv usually originates behind 

the rectum and runs into the depth of the image. 

One should attempt to find the pregnant or path¬ 
ological uterus in the area of the fundus of the urinaty 
I'•bidder > Fig, 5,4), Using the bladder as reference point 
this is usually possible by moving the scanning plane 

side. In cals, and occasionally in dogs, in 

doi >al recumbency the uterine horns can lie far lateral¬ 
ly, They cun then be moved into the image by moderate 
finger pressure onto the abdominal wall. 


In order to produce an image of the uterus the probe 

is positioned between the two rows of mammary glands* 

Its beam is directed ventro-dorsally and it is placed 
directly in front of the pubic hone. Following this tech¬ 
nique it must be remembered that tlie image closest to 

the probe originate from I he ventral part of the abdo¬ 
men. while the portion of the image furthest removed 

from i he probe corresponds to the tissues in the dorsal 

abdomen. In contrast to the situation as it is seen during 
transrecta! scanning of cow’s and mares the images seen 
in the transcutaneous examination appear to be upside- 
down. During traiw caal sonographic examinations the 
uterus usually lies close to rhe probe and the uniun 

bladder somewhat deeper. In contrast, duri ng the trans¬ 
cutaneous sonographic examination of the dog and cat 
the urinary bladder will he closest to the transducer with 
the uterus in the depth of the image (Fig. 5.3). A sys¬ 
tematic approach is essential if a thorough examination 
is to i obtained. The sonographic examination of the 

internal genitalia should proceed from caudal to crani¬ 
al. First, the urinary bladder is identified inside the pel¬ 
vis. It produces the typical image of a hollow, hypo- 


urinary' bladder is preferred for 


from side to 
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Fig, 5,5: Sonogram of a canine ovaiy with cystic disorder. 

The ovaiy measures 10 by 8 by 7 cm and contains numerous 
vesicular structures of varying sizes. 


Fig. 5*6: Photograph of the sectioned ovary trom E ig. 5,5 after 

the bitch was uvarieetomized 










S^lg, 5,7: Sonogram of an ovarian tumor in a cat. The enlarged 
ovary (arrows) exhibits the heterogenous echogenicity of 
mixed tumor tissue. 
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cations for the use of sonography include ovarian tu¬ 
mors and cysts t Pi offenbarger and Feeney 1986, 

SCHMIDT et aL 1986). 

Cystic ovaries in the bitch can produce ultrasono¬ 
grams which appear honeycombed in structure and con¬ 
tain numerous anechoic cavities (Fig, 5.3 and 5.6). The 
cysts vary in size, are fluid filled ami separated from one 
another by thin, echoic walls. Some cysts may have a 

tygonal shape. 

In one case of an ovarian tumor in a cat the enlarged 
m. aty of heterogenous echogenicity was striking (Fig. 

5,7), Large parts of the ovarian tumor were made up of 
hypoechoic, solid tissue. In places anechoic, fluid-filled 

structures were embedded in the tumor. 


HI 


With currently available ultrasound equipment, 

diagnostic ultrasonography of the canine and feline 
ovary is largely limited to the detection of pathological 
conditions. Follicles and corpora luteu which are 
normally only a few millimeter in diameters arc loo 

small to be detected reliably by conventional ultrasono¬ 
graphy (Schmidt et al. 1986, Pyczak 1990)* 




5.2.1 Ovarum tumors and cysts 


Some pathological changes on die ovaries of dogs 

and cats are sonographicaEK recognizable. Suitable indi- 
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Fig. 5.9: Uleras of a bitch around Day 22 of pregnancy. Two 


: Uterus of a bilch around Day 18 of pregnancy. The 


concept uses (arrows) lie Jorsally and eranially (to (he right 

and below in the picture) of the ut maty bladder. The uterine 

wall surrounds ancchoic fluid in which embryonic structures 

can be seen. 


uterine wall in the vicinity of the conccptus (arrows) appears 
thickened anil surrounds a small ancchoic fluid accumulation 


era n iodo rsa I ly (to the right in this picture) of the urinary bind 
der (U }, 


Fig. 5.1©: Photograph of the excised uterus of a cat around 
Day 21 of pregnancy. Five spherical bulges, each containing 

an embryo* are present. 
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areas of a lew millimeters in diameter could be found in 

the regions of the developing coil a- pluses as early as 

the second week of [>regnunc> ■ Bqulet 1982, Caktee 

and ROwlls 1984). it is still being debated as to 

whether these areas represent the trophoh lasts them¬ 
selves or whether they are areas of edematous swellings 

(Holst and Phemister 1971). Also in the cat it was 

reported that 2 to 3 mm ancchoic areas of embryonic 
fluid cotild be seen in the uterine lumen by Day 11 to 14 

of pregnancy and that the echoes of the developing 
embryos were detectable between Days 15 and 20 
(Davidson et at. 1986). 


Uterine structures in dogs 


cats 


Important indications for sonngraphic examinations 

of dogs and cats include pregnancy diagnoses and the 
recognition of pathological changes of the uterus. The 

non pregnant, inconspicuous uterus of i he dog and cat 
cannot reliably be depicted with the image quality of 
currently employed ultrasound equipment ( In aba et aL 

1984, Schmidt ct al. 1986). Occasionally its sonogra¬ 
phic image may be recognizable, but then it is difficult 
to distinguish w ith confide nee between the uterine 

boms and the surrounding intestinal loops i Davidson 

et aL 1986), One exception is the postpartum uterus im¬ 
mediately after parturition. It can be recognized on the 
basis of its size and the identification of its characteristic 
placental zones. 

The sonographic features of the pregnant uterus of 

[he dog and cat arc largely the same* For that reason 

they will be discussed together in the following section. 
Particular mention will bo made where important dif¬ 
ferences between the species occur. 


5.3,1.2 Day 20 to 


30 of pregnancy 


From Day 20 of gestation 1 it becomes possible, un 

der practical conditions, to 

nography in the bitch and the queen (Majlhac et at, 
1980, Laibun et at. 1982, Mailhac 1982, Shuj.e and 

Go ntarek I985 t FlOckiger el a). 1988), 

The concept uses which are filled with hypoechoic 
embryonic fluid can be seen on the ultrasound monitor 
(l.cgrand et al. 1982). They are surrounded by the 
echoic uterine wall (Fig. 5.91, The development of am* 

pullae is characteristic for the stage between Days 20 

anti 30. At this lime the ampullae of the bitch arc ovoid 

in shape. On a longitudinal view i hey produce an oval 
image and a circular one in a transverse view. In the cat 

spherical at this stage (Fig. 5,10). 
When the ampullae first become visible they often do 

not contain any internal embryonic echoes. Usually the 

more caudally positioned ampullae (nearer the urinary 

bladder) arc easier to find than those that lie in the cra¬ 
nial abdomen. 


diagnose a pregnancy by so- 


5.3.1 Pregnant uterus 

5.3.1.1 Before Day 20 of pregnancy 


If high resolution ultrasound is used it may occa¬ 
sionally be possible to detect signs of pregnancy' on the 

ultrasonograms of the dog and cat before Day 20 of 
pregnancy (Fig, 5.8). The sonographic basis for preg¬ 
nancy diagnosis, however, difficult and'relatively inac¬ 
curate at this stage, and is therefore not considered 

worthwhile in general practice (M \n hac et aL 1980. 
H et aL 1986), It has been reported that hypoechoic 


i 


chapter ill the data on the si age of pregnants were tvised un 
the day of parturidt^n, as far as Uijs was known. Day I! - Day nf partus 
minus 63, For the dog this approach provide the most accurate estima¬ 
tion of Lhc exact gestational ape under practical condition. 1 *. If it w as im¬ 
possible to backdate, the day of the first service or insemination was 
take n as Dav (l 
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Fig, 5,11: The increases in the !ongiludinal and transverse diameters of 

embryonic and fetal vehicles during pregnancy in bitches (regressions; 

adapted from Pyczak 1990). 


Fig, 5,12: Transverse section through a bitch's urinary bladder 

wiiii two blood vessels (arrows) running dorsally to it. Cross 
sections through blotxj vessels can be confused with concept 
tuses. ] vamination in three dimensions makes the differen¬ 
tiation easier by revealing the longitudinal course of blood 
vessels; see Fig. 5,13. 


fig, 5. S3: Longitudinal section through a hitch’s urinary blad¬ 
der with a blood vessel (arrows) dorsally to it (see also Fig. 

5,12), 
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On Day 20 the coneeptuses have an inner diameter 

to a mean size of 
20 by 40 mm by about Day 30 (Fig. 5.11). These sizes 
arc meant to serve as guidelines and may vary consider¬ 
ably between bitches of different breeds. The ooncep- 

tuscsof cats have approximately the same sizes as those 

of bitches (M ami lac et al. 1980). 

Under practice conditions a reliable pregnancy diag¬ 
nosis using 5 Mliz ultrasound is possible in most cases 
from Day 25 of gestation (TaVERNE Cl al. 1985, Fi ucki- 
ger et aL 1988. Pyczak 1990). Although it appears 

ssible at an earlier stage in some cases it must be re¬ 
membered that the breeding date in dogs can differ 
considerably from the ovulation date and it is thus ditll- 
cult to accurately establish gestational age in dogs. 

Mai mgs performed several days prior to ovulation can 

result in pregnancies. When examined ultrasonographi- 

cally the coneeptuses ii i such cases will be less developed 

and will not have attained the size expected based on 


breeding date. This can lead to false negative diag¬ 
noses in cases where the pregnancy diagnosis is per¬ 
formed very early. Use of the lower frequency of 

may mean the time of the earliest 
ssible pregnancy diagnosis can be delayed by a few 

days (GOnzel and LGning 1983). 

In order to avoid misdiagnoses, other fluid filled 
ics must be dll ferentutted from coneeptuses. In par¬ 
ticular, blood vessels and loops of intestine that run in 
the vicinity of the urinary bladder must be considered. 

The cross sections through larger blood vessels adjacent 

to the uterus can appear very similar to young coneep¬ 
tuses (Fig. 5.12). Questionable images should be depict¬ 
ed in 3 dimensions in order to identify them correctly. 
Rotation of the transducer will reveal the longitudinal 

shape of a blood vessel (Fig. 5.13) and the spherical 

shape of a conceptus (Fig. 5,14), The pulsation of 

blood vessel and the peristaltic movements in a gut loop 
will also aid the differentiation. 


of 1(1 to 20 mm. In hitches they grow 


3,5 MHz or less 
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Fig* 5.15: Concepuis ol a hi tc u around Day 27 of pfegnancy 
A longitudinal section of Ihe embryo wiill its head (II) and its 

can be seen inside the vesicle, Ultrasonogram 


Fij*. 5.14: Uterus of a bttdl around Da) 

Membranes of i lie yolk sacs can be seen inside the two cm 

d- 

brvonic vc$k les (arrows) which lie dorsal to ihe urinary blad 
der (below tire urinaiy bladder in the picture), 


of pregnancy 
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yolk sac > \ i 


produced in a watcibath. 
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A few days after the concept uses become sono- 
graphically visible, the embryonic echoes will appear in¬ 
side the embryonic vesicles. Ibis will usually happen 
between Days 20 and 25 of pregnancy (Fig. 5.9 and 
5.14). These echoes can represent the embryo or com¬ 
ponents of the yolk sac (Fig. 5.15). Inside the embryonic 


echoes a hean beat will become detectable between 
Days 28 and 30 (Bondestam et al. 1983). The location 
of the pulsating heart can aid in the differentiation be¬ 
tween yolk sac and embryo. 

The characteristic crescent shape of the embryo and 
its longitudinal body axis can be recogni/cd between 


by Dr.Stator & Saraajka 












5J6: Feline concept us around !3ay 25 of pregnancy* The 
embryo, in longitudinal section, lies with its head (arrow) to¬ 
wards the right inside the vesicle; Measuring the cmwn-nunp- 
lenglb (CRL) is possible. 
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Fit?, s. 17:1 he ini i ease in crown-rump-lengths cif canine fetuses in bitches 
of different body weights (regressions: adapted from PYGZAK 1990), 
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features of the pregnant uterus* \ mm now on it will be 
difficult, if not impossible* to follow the string of neigh¬ 
bouring concept uses on a longitudinal section of a 

single uterine horn* Due to the strong coiling of the 

uterine horns the concept uses of both horns can now lie 
next to one another in unpredictable ways* Also the ex¬ 
pansion of the individual fetal vesicles show's that their 
ampullar)' shape is disappearing (Fig. 5*19*. The an- 
cchoic fluid collections around individual fetuses in¬ 
creases more rapidly in the longitudinal direction as 

compared to the cross section ( Fig. 111 ). By Day 35 to 
40 they reach inner transverse diameters of 25 to 35 mm 
and inner longitudinal diameters of 60 to 80 ntm 
(Shille and Gontarek 1985). 


Pays 25 and 30, In dogs and cats one can now start to 

measure the crown-rump-length of the fetuses (Fig, 
5*16 and 5*17)* Canine fetuses will have a CRL of be¬ 
tween 20 and 25 mm at about Day 30 (Cam it \ and 

ROWLES 1984). Feline fetuses will also reach a size of 

20-25 mm between Days 25 and 30 (Davidson ct al. 
1986). 


5,3.! .3 Day 31 to 50 of pregnancy 


At around Day 30 the fetal vesicles start to elongate 
and become more ovoid and elongated* both in the 
bitch and eat (Pyczak 1990 k I lie ampullary shape of 
the uterus starts to diminish from Day 35 -40 and 

to a more tubular shape (Fig* 5*18)* This will 
bring nlxnit noticeable changes in the sonographic 


F|g* 5*18: Photograph uf the excised uterus of a bitch around 
Day 35 of pregnancy. At about this time (he ampullar appear¬ 
ance of the uterus precedes the tubular stage. 


Fig* 5*19: Uterus of a bitch around Day 34 of pregnancy. The 

feiu-s* surrounded by the amnioiie membrane (arrows) lies 
with its head towards the right inside the fetal vesicle* J he 

conceptuses assume an oval shape alb i- ungc* 
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Hr, 5,20: i 'holograph of a concept us that was removed from 
the uterus of :i bitch at around Day 41 of pregnant^, The fe¬ 
tus, enveloped by its allantoic sac (A), is surrounded by the fe¬ 
tal component of the zonary placenta. 


Fig. 5*21: Conccptus of a hitch around Day 35 ol pregnancy . 
The fetus lies with its head towards ihc left within the zonary 
placenta. The edges of the placenta are curled on their mar* 

gjns (arrows ) to result in their bowl-like shapes. Ultrasono 

gnim produced in a walerbath. 


Hr. 5.22: Conccptus of a bitch in week 5 of pregnancy, Ert 

closed in tlte zonary placenta (arrows) 
section) with its head towards the right; below it lies the yolk 

sac (Y). 


is the fetus (sagittal 
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The fetuses are suspended inside their surrounding 

zonary placenta (Fig* 5.22). The yolk sac also lies within 

the zonary placenta. It is well developed in the dog and 
remains present until the end of pregnancy. On longitu¬ 
dinal sections through the uterus it can He seen as an ex* 

tended, echoic tube* It extends over almost the entire 
length of i he oonceptus and thus reaches beyond the 
ends of the placental hands. 

From Day 30 of gestation the contours of the fetuses 

become discernible (Fig* 5.22). P J he head and rump can 
be distinguished and the limbs arc visible as echoic 
buds. If it is possible to observe individual fetuses for 
some lime one will already bo able to see some active fe¬ 
tal movements (GONzll and Lining 1983* CARTEE 

and Rowles 1984), 

From Day 35 to 40 organogenesis in canine and 

has progressed so far that one can recog¬ 
nize developing organs inside their bodies* Inside the 


Along with the longitudinal expansion of the feta) 

sacs the zonary placenta become apparent (Fig* 5.20). 

In the middle of the vesicle the zonary placenta forms a 

cylinder surrounding the embryo or fetus. It is seen as a 

finely granular m i ucture ol moderate echogenicity (Fig. 

5.21 ), While the placenta occupies virtually the entire 
surface area of the fetal membranes during the early 
ampullary stage it now only covers the central area of 

each conccptus after Day 30* 1 hrough their elongni on 

the vesicles* ends remain free of placenta. In these areas 
the uterine wall appears thin. Over almost its whole 
width the zonary placenta lies closely adherent to the 

endometrium* Only near their edges the zonary- placen¬ 
ta curl away from the endometrium and project slightly 
into the uterine lumen. On longitudinal ultrasound im¬ 
ages of the uterine horns the zonary placenta with their 

bowl-shaped edges can be recognized. The placenta is 
thicker than the uterine wall. 


feline fetuses 
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Fig* 5,24: Horizon ml section through u canine fetus around 
Day 46 of pregnancy. The curved echo of the diaphragm out* 
lines that of the liver* The ancchofc area in the caudal al 
men represents the urinaiy bladder* Ultrasonogram prtxiuced 
in a watcrbalh 


Ha* 5*23:1 lorizontal section through a fetus of a bitch around 

Day 41 of pregnancy* ! he head lies on the left* Caudally to the 
hyperedtoic rib cross sections of the left thoracic wall lies the 
aneehoic lumen of the stomach (arrow)* 


i 






Rib with one 


intercostal space 

■ i *■ _ 


E )ays of pregnancy 

i*lg, 5,26: The increases in trunk, hi parietal and cardiac 

meters as well as t ire length of one rib cross section and one 

intercostal space in canine fetuses during pregnancy (regres¬ 
sions: adapted from hfCZAK 1990}- 


Fig* 5*25: Horizontal scuion through a canine fetus around 
Day 46 of gestation. The byperedioic rib cross sections of the 
two halves of the thorax form a cone shaped pattern. An* 
echoic heart chambers can be seen in the apex of the thorax. 
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abdomen the large dark area of the stomach is easily 

identified (Bondestam ct at. 1983, Inaba ei aL 1984, 

Nomura 1984). The liquid gastric contents are largely 
ancchoic (Fig. 5.23). Next to it lies the moderately 
echoic area of the I i\ c r, The next smaller ancchoic area 
in the caudal abdomen is that of the urinary bladder 
i Ffc. 5*24). The onset of mineralization of the bones in¬ 
creases their echogcnicily from Day 35 to 45, ITtc facial 


DESTAMct&l. 1983, SniLMi and Gontarhk 1985, Tom 


el ah 1986). 


In dogs it is also possible to assess the development 

of the conoeptuses and the gestational age by fetometry 
(Fig, 5,26), Thus far data have been collected for the 

fo)lowing parameters: Crown-rump-lengi h and bipari- 

ctaU abdominal and cardiac diameters, as well as the 

size of one rib cross section with one intercostal space 

(Cartel and RoWLES 1984, Pyczak 1990), 'Hie ultra- 

son ographteally measured crown-rump-lcneihs largely 
correspond to those obtained after removal of the fetus¬ 
es from the uterus (Evans and Sack 1973). The estab¬ 
lished values represent average sizes for different breeds 
of dogs. They are intended as guide line values and 

can vary considerably with the breed of the individual 

bitch. Separating the data for large (> 20 kg) and small 
\ 2d kg) bitches shows distinct differences with regard to 

the growih in length of the fetuses. For example, the 

length of fetuses of large breeds will be about 70 mm on 
the Day 40 of gestation which is 15 mm more than the 
corresponding value of 55 mm for small dogs. As the 
use of ultrasonography spreads, it is anticipated that 

more exact data on the fetal growth of dogs and cats of 

the various breeds will become available. Fetal diag¬ 
nostics, and with them i he determination of gestational 
age, will then become a great deal more refined in dogs. 

Very' little data is available on the crown -rump¬ 
le ngth of feline fetuses {Oiuisn \nsen and Sc hmidt 

1982), They have a mean length of about 3,5 cm on Day 
35,65 cm on Day 40,8.9 cm on Day 45,10 cm on Day 
50 and 1 i .5 cm on Day 55. 


nes (Fig. 5.19,5.21,5.22) and the discs oi the vertc 

to be 




brae and rib cross sections (Fig. 5.25) are 
come visible. Initially the sound absorption by the dcvcl 
oping bones Is so minor that no echo shadows are ere 
uied in their backgrounds. 

Both 


y halves need to be scanned very carefully 




if the litter size of a bitch is to be determined by ultra¬ 
sonography- Counting the number of fetuses and as- 

uterine hom is diilkuh 


signing each fetus to a s 

on a sagittal examination plane. The transverse section 

is more suitable to ensure an optima) orientation and a 
dear distinction between the uterine horns, By tippin 
the transducer from the left to the right side and back it 
is possible to view both sides virtually simultaneously. If 

the transverse view is maintained anti die transducer is 


b 


rotated from cranial to caudal, the number of fetuses 
can he counted most accurately. By continuously, yet 

the transducer one fetus after the next 
will conic into view. Even with this procedure errors oc¬ 
cur. The number of expected pups can only be deter¬ 
mined with reasonable accuracy in small litters (BON- 
DESTAM et aL 1984). In general, the accuracy of the 

fetal count decreases with increasing litter size ( Bon- 


slowly, moving 
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Hr. 5.27: letu* of a bitch around Day 50 of pregnancy. I lie 
fetus is now only surrounded by little placental fluid. The uter¬ 
ine wall lies daw to the fetus. 



Hr. 5.2H: Dead fetus in u cal with a dystocia as a result of 
singleton pregnancy on Day 63 of pregnancy. In dead fetuses 
the sonographic structure of soft tissues becomes indktinr 
The apex of the thorax poults to the right. 



Hr. 5.2V: Pom portum uterus one day alter parturition. One 
placental site (arrows) can be recognized inside the uterus. 
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5.3.1.4 Day 51 to 65 of pregnancy 

In relative terms the amount of fetal fluid decreases 
during the last trimester of pregnancy so that the fetuses 
no longer float inside the uterus (Fig. 5.27), but instead 
are on all sides in close apposition to the uterus (Le- 
gkand et al. 1982). Fetal fluid can only be seen cranial- 
ly and caudaliy to the fetuses. Since the pregnancy is not 
characterized by the contrast between the anechoic fetal 
fluid and the echoic fetal reflections inside it. it may be¬ 
come difficult to distinguish fetal from maternal tissues. 
Dead coneeptuses, in particular, may be overlooked 
during hasty examinations. 

During the last trimester of pregnancy most fetuses 
cannot be depicted in toto on the monitor. Now the 
crown-rump-length may be determined by the addition 
of partial measurements (e.g. from crown to heart base 
-I- from heart base to rump). 

5.3.1.5 Obstetric diagnostics 

In the obstetrical context, ultrasonography is a valua¬ 
ble diagnostic tool for (he assessment of fetal viability in 
dogs and cats ( Johnston et al. 1983. Pfoitenbarger 
and Feeney 1986, Schmidt et al. 1986) with the depic¬ 
tion of the pulsating heart an important criterion in this 


regard. In addition, the number and position of the fe¬ 
tuses should be assessed during the obstetric examina¬ 
tion. Sonographic scanning will usually contribute sig¬ 
nificantly to lhe decision as to whether a Cesarean sec¬ 
tion is indicated or not. 

In the case of a dead fetus a frequent impression is 
that the fetus has adopted an unphysiologic posture in¬ 
side the uterus. Its longitudinal axis appears distinctly 
bent. In comparison to live fetuses the outline of dead 
ones is less distinct. The clear structure of soft tissue com¬ 
ponents is also lost in dead fetuses (Fig. 5.28). This can be 
observed within one day of fetal death (Davidson el al. 
1986). 


5.3.1.6 Postpartum uterus 

After parturition Ihe postpartum uterus of (he bitch 
can be sonographically depicted. It is seen as a broad, 
echoic band which runs past the urinary’ bladder and ex¬ 
tends cranially into the abdomen (Fig. 5,29). Its sono¬ 
graphic structure consists of alternating areas of hypo- 
echoic and echoic tissues. The echoic areas represent 
the broad uterine components of the sites of the pre¬ 
vious placentation (Pyczak 1990). 


by Dr.Stator & Saraajka 










Hr. 5.30: Embryonic dcalh in a bitch around Day 22 of preg¬ 
nancy. The pear shape of the concept us to the right of the 

urinary bladder is evident 


Mg. S3h Embryonic death in a bitch around Day 26 of prcg 

nancy. No embry\>nic structures could be found inside the cm 
bryonic vesicle (arrows). Four oilier concept uses did contain 

embryooic echoes; four live puns were born. 
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vesicles were also smaller than the neighboring, live 

ones or was to be expected based on the mating date. 

Apart from the above, conceptuses at Day 25 to 35 

have been seen to contain no or only small internal em¬ 
bryonic echoes (Fig, 531). When such abnormally 
shaped or sized concept uses as well as concept uses 
without internal embrvemic echoes were followed dur- 

W 

ing the fur: her course of the pregnancy they were seen 
to become progressively smaller until they eventually 
disappeared. In those cases where an embryonic death 

had been diagnosed in most cases it only affected single 

concept uses; the remainder of the litter continued to 
develop unevenifully. 


5.3.2 Uterine pathology 

5.3.2.1 Embryonic death 


Occasionally an embryonic mortality can be sonogra- 

phically observed in a bitch (Taverne et al. 1985). The 

resulting resorptions may involve individual coneep- 
tuses or the entire litter. Ultrasound examination dur¬ 
ing the ampul la iy stage of early gestation reveals that 
the conceptuses usually have a spherical to ovoid 
shape. In some cases of embryonic resorptions ii was 
noticed that some embryonic vesicles developed dif¬ 
ferent shapes. Some of them were obviously more flat, 
appeared flaccid and they became irregular in shape, 

occasionally developing pointed ends (Fig. 530). Such 
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Fig, 53h Pyomctra in a biieh. The uterine lumen is dilated to 
several ccmimcto Due to the very tortuous nature of the 

/ = ; ■ _ , 1 ■ -' ' r ' p4> _ * , - J 

uterine horns the ultrasound beam hit several wall sections 
(arrows). I lie UteriB appears pat litioncd 


Fig. 5,33: Photograph of an excised pyometra of a hitch* The 

uterus shows pseudoampullar dilations. 












4 


Avtnrsko za 






lien 


r* 


aoiv 











































































































































WWW 


Uterine pathology 249 


genicity of the pyometra exudate varies between almost 
anechoic and moderately echoic (KOMAREK 1986, 

PpDFFENBARGER and 

pends on the degree of ccllularity of the exudate. From 

a differential diagnostic point of view ilie pyometra 
must be differentiated from the hemometra, The ultra¬ 
sonogram is not of much help when making the dif* 

ferentiation. The clinical examination has to provide 
the conclusive decision in these cases (Schmutt et aL 

1986). 

Pyomctras with anvpuJlary dilations of the uterine 
horns can also be found. These pscudoampulluc can be 

single or multiple and uni- or bilateral (Fig, 5,33 L Pyo- 
metras with these ampullary dilations can be con Fused 

with early pregnancies (Pyczak 1990), When attempt* 

mg to differentiate between the two the presence O! 
embryonic or fetal echoes inside the fluid will support a 

sitivc pregnancy diagnosis. 


5.3.2.2 [Vumcira, endometritis, 
cystic glandular hyperplasia 

An important indication for ultrasonography in 

bitches and cals is the detection of pathological condi¬ 
tions of the uterus. These include pyometra, endometri¬ 
tis and cystic glandular l:\pcrplasia and [heir transitional 
forms. 

The recognition of markedly fluid-filled pyomctras 

in bitches and cats is easy i Schmidt et al* 1986, Pyczak 
1990). In well developed pyometras the accumu aied 
fluid leads to severe distention of the uterus s l : ig. 5.32), 

Frequently, the uterus does not produce an image of a 

long, fluid filled tube, but rather shows thin sections of 
uterine wall appearing inside the fluid at irregular inter¬ 
vals and creating a com part mental bed image of the 

uterus. This image originates from the severe twisting in 

the uterine horm, sections of which, sometimes com¬ 
pletely kinked, come to lie dose together. The echo- 


Fi \ ni v 1986). It ps imarily de 
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ir. 5*34; Transverse section through the pelvic area of a bitch 




■ 




irTetirig from endometritis- A crow section through a uterine 


horn (arrows) is seen next to the urinary bladder The horn 


has a thickened wall and contains a small amount of exudate. 
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I*lr, 535: Ultrasonogram of a bitch showing gut loops (ar 

rows) filled with watery contents. The fluid filled intestine 

must be differentiated from a uterus affected bv inflammatory 

' W ■# 

changes. 


36; Cystic glandular hyperplasia pi the endometnm A 


Fir . 5 

longitudinal section through one uterine h n n (arrows) shows 

mtKienile, hynoechoic changes in its 
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Occasion.!lly. larger echoic structures can be de¬ 
tected inside the fluid of a pyometru. Tissue projections 
from the uterine wall, such as polyps and tumors can be 
the cause of such images. 

In cases of pyoroetra the uterine wall can be very 
thin, or also severely thickened.. If an endometritis with 
exudation into the uterine lumen is present, the ultra¬ 
sonogram may show a severely thickened, echoic uter¬ 
ine wall with the more hypocchoic exudate inside its 
lumen (Fig. 534). Cases of endometritis without am 
clear fluid accumulations are difficult to diagnose on 
ultrasonograms. 

Fluid filled intestinal loops must be differentiated 
from pyometras (Fig. 535). Ihe amine abdomen con¬ 
taining gut loops filled with very liquid ingesta can occa¬ 


sionally produce an ultrasonogram similar to, and easy 
to confuse with, a pyometra. In cases of doubt it is im¬ 
portant to identify , preferably in cross section, two fluid 
filled tubes at the level of the apex of the urinary blad¬ 
der. These can then be more confidently identified as 
cross sections through the fluid filled uterine horns. 

The ability to depict cystic glandular hyperplasia on 
an ultrasonogram depends on the size of the endo¬ 
metrial cysts and. if present, the amount of any accumu¬ 
lated fluid (Pyczak 1990). rhe detection of this condi¬ 
tion is only successful in eases of severe degeneration of 
the endometrium and where larger cystic structures arc 
present (Fig. 5.36). Ibe changes due to cystic glandular 
hyperplasia are best seen on longitudinal sections of the 
uterus. 


by Dr.Stator & Saraajka 














WWW 


252 Rejmnces 


References to chapter 5 


A, Feeney (1993); Prenatal indicators of puppy viability at term. 
Comp, on Continuing Education 5. 1013-1026. 

Komar ex, J, V. (1986): Die sonographischc Diagnoseeiner l^yometra 

beim Hund. Klcinuer-Prax 31, 297-298. 

l MitLiw, C t S. Schmict und I. W. Dudenhausen (1992): Erste Erfeh* 
ningen mil dem A D R-Real-I'm ic- Scanner zur Ttfchtigke i Lsd n bei 
Schaf. Schwem. Hund und Katze, Berl. Munch, uetarzL WVchr 95. 
473—476, 

Legrand* J. I. B Carlier, ! Bertrand cl P. F. Vlard (1982): Ima¬ 
ges cchognphiquc* dc Tan atomic abdominals dcs carnivores domesti- 

quev Bulk Acad, vdt Fr 55. 223-228, 

Mailman, J. M. (1982); Diagnostic dc gestation chez la chatte par 

£chographie. Bull, Acad. vet. 

Mailhac. J. M m S. Chaffalx* 1.J, Lhorand, B. Carlier et F. Hut/ 

(198G); Diagnostic dc la gestation chez la chatte: utilisation de I’deho- 
graphie. Reel. M6d + v6t. fee, AJfiwt 156 899—9074 

Nomura* K. (1984); Pregnancy diagnosis by a real-time ultrasound 

scanner in bitches. J, Jap. vet. med. Ass. 37, 140- L44. 
Poffenrarger, E, M, and D. A. Feeney (1986): Use of gray-scale 

ultrasonography in the diagnosis of reproductive disease in Lhc bitch: 

18 cases (1981—1984), J, Am, vet. med. Ass. 189, 90—95. 

Ftczak, T, (1990): Emsatzmog]ichkciten der Sonographic in der gyna- 

kologischen und gcbunshilflichcn Dmgnostik bei Hund und Katzc. Vci, 

med. Diss., Miinchen 

SCKMICT* S., D. SCKRAQ und B. Giese (1986): UhrasvhatMijgniVitsk. 
in der Gynakologic beim Klcintier. Tjcrarztl. I’rax* 14, 123-141. 
Shille, V. M. and J. Gontajiek 1(1985): The use of ultrasonography 

for pregnancy diagnosis in the bitch. J. Am. vet. med. Ass. 187* 

1021—1025 


1. A UTAH) and M. Karkkainen (1983): Real-time 


Bondestam. S 

ultrasound pregnancy diagnosis in the bitch. J, snail Amm. Piact. 24, 

145“ 15L 


■ | 


Bonpestam* Sr* M, KarkkAinen. I. Autalo and M, Forss (1984): 
Evaluating the accuracy of canine pregnancy diagnosis and Jitter size 

using real-time ultrasound. Acta vet. scand. 25* 327*332, 

uurr* n (1982): Application de r^chographie au diagnostic de 

gestation chez la chienne Braque de Weimar. Bull. Acad, v£t, Fr. 55* 

229-232. 

CARISE, K, E. and T* RowtJ-S (1984); Preliminary study of the ultraso¬ 
nographic d iagnos i s of pregnancy and fetal development in the dig. Am. 

I. vet. Res, 45. 1259-1265. 

Christiansen * J, og M, Schmidt (1982); Akfenbeftanmd se af fostre 
hos hund og ku. Nord. Vet. Med. 34* 354—361. 

Davjdson* A* P* T. G, Ny^nd and T. Tsutsui (1986); PregnsiKy 

diagnosis with ultrasound in the domestic cat. \fet. Radiol. 27. 

109-114. 

Evans* H* E. and W. 0. Sack (1973): Prenatal development of dome¬ 
stic and laboratory mammals; Gmwth curves, externa] features and 
selected references, Zentbl, Vet. Med. Reihe C 2, 11-45. 
FlOckxjer, M., P. Kramers, U. Hirt t K. H uter -Wissler ural S, 
Arnold i 1988): FrOherfassung der Tnichtigkeii bei der Hundin. J. vet, 

Med, A 35, 450—454, 

GUnzll* A.-R. und 1. L0ni>«3 (1983): Zur echographi sc he n I rachiig- 
kdttcdceonung mit dem VETOSCAN UItraschaiIgcrftt — MdghcJikci- 
ten un i Grenzen ties Einsatzes bei der Hundin. Dtsch, ticrarztJ. VAdir. 
90. 440-443. 

Hour* P, A* and R, D, PHEMtSTER fl97l); The prenatal dcvelnpmcm 

of the dog: Preimptaatation events. BioL Rqnod. 5. 194—206 
Inara* T. N. Matsci* R, Shimitw and T, Imqrj (1984): Use of echo¬ 
graphy in bitches for detection of ovulation and pregnancy. Vet . Ret . 
115* Z76-277. 

JohnspTON, S, D,, F, O, Smith* N, C. Bajue* G. R* Johnston and D, 




Fr 55* 233-236 


1 


i averne* M. A. M-* A. C. Okkens and R. van Oord (1985): Preg¬ 
nancy diagnosis in the dog: a comparison between abdominal palpation 
and liftear-arra> rcal-tinic echography. The Veterinary Quarterly 7, 


249-255 


Toal, R. L.* M. A. Walker and G. A, Henry (1986): A comparison 

of rxv l-time uI: tam> unti . palpation and radiography in pregnancy = J tec 

lion and liner size detemunation in the bitch. Wt. Radiol. 27* 102- H)8. 


a or 



























































WWW 


Subject index 


253 


ect 


Numbers indicate text pages, tin lie numbers indicate figures with a certain subject. Letters before the numbers indi¬ 
cate the species: E = Equine, B = Bovine, OC = Ovine and Caprine, P = Porcine, CF = Canine and Feline. 
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OC 201,207 

Endoderm P L 6 I 

Endometrial 


CF 237f, 5. / 5£ 


Conccptus E 43 f # L52fl fifit 2k B LlStf, 2 73f, 


* mobility E 45* 55, 79. 

-growth E 45f, 251 B I23f, 
Con v c x scanner 83* 1K7* 227* 




Corpus 

— albicans B 97* 


folds E 41 LJUi ffiL / 101. LMil 


B 121 1S± 


7 


bemorrhagteum E 29f, L27f t P 215 r 


OC 199,1/7. 


-tytfl E4153f* LZ£ 7179, LLiXf, 

Endometritis E 4175f, B 139f, LU2f. CF 2491 1XL 

Endometrium P/A 4L U1L fck imt B 1151 2M Ul 

Epiphysis 2 / 55. 

Estrus E 19, 33, 41* B 93f, 113f t 

— secret ki a 


E 25f, Ul£ B11 95f, 225£ miK OC 191 1 2.5/: 


luteum 


P II^Ml 
— accessory E 31 f 


of pregnancy E 2L1L 1.2% B 9L 2J1 2J2 1U1L 2Mf. 


P 4 .7 


persisting OC 2d9 

regressing 


I L\lremity, front, hind see fclus. extremiiv 
Eye see fei us* eye 


B 2 . 52 l 
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v 


um.tsus R2./46. 

oaific&tkm B J 2 L 294, l^L 15312 ti 4 f. CF 243 
nadum inirarummaJe B 1147 , 


Filx cerebri v;e fetus, falx cerebri 
Femur see fetus. femur 

Fertility B 101f, 

Fetal 


mime H 149,2/27/ 


\ 


pelvis 1Z3 

penis ii 169. 


UZZ 


see embryonic death 

maceration It )37, 1 WZ 

mummification It 12L Zli& OC 2WL 

pu nciu re E 57f + 

Fetomciry K 65f, L21J B 1 75f, ll74f.iH'2£L CF 243. 

Fetus K JL 61 f, l.S4f t H N3f 

P 221, CF JAlUlIlf. 

abdomen E65, L**L B159,2145/ 173*2/72 

age dc t e rminalion 

aorta. ahdi i mmal B 159,2/44. 
artery, carotid B [57, 

artery, umbilical E 61 FW B 161. 167 2/6/, 
brain K149 


■ I 


phalanx 11 163. 2 I 5 .\ 


Z W. 


piiuitary 112/35/ 
plexus choriodci B 149 
petition of II 173. 

prepuce B 169 r 

radius 


+ 


"I 


m 




rih E6I.AM UHJH 


F ftSf. !. 9 lf. B 17Sf. 2 . IH 7 f. <K M3. 


p 221 . 4 . 




rumen 

scapula 112/54, 1X1, 
sphcrtokJc bone B 2 . / 22 
spinal cord K /./?5. B 153f. 2.J36. 
Stomach E tjX !M> L 2 L 67. B 159 


i 


t 


ZM 147f 2 


E 6|, i.M, 65 


7 


175.2/75. 


7 


/ 45Z 177, 


case 


p 


J 


cerebral ventricle B 2/22 149,2 /24/ 


trunk E LM 65, IMx SL LM B Hi 179, 2/7V^ P 22L 


clitoris B 169 


CF 243, 


corpus mamillarc B2/25/ 

diaphragm 


umbilical curd E 51, 1,67, LM 63, 77. B 129. 2 94 


7 


1 


11 


B2/4.?, 159,2/^1'FiM 


179 


■ 


B 151,2 131 


uriiurv bladder B IAI 

(T ' 11 

scrotum 


7 


ear 


i 


164 £\ZL 


extremity, front B 129. 

p 22 i £m 


sternum 112/39, 157. 

sulcus spfenialis 

n 1^2/66/ 

II 149,2/27/ 


ext remit), hind B 129, 3 91 r 65, 


■» 


1M , OC iii 2113 


P221 


teats 

I eet h 

testis E63.B 171.2/7^ 

thorax K 6T, £6^ 65f t ZW, B 15L 2/42/; 173.2/72 OC 


eye (si K Lb% 61 


(X'm i2i P 22L i22 

lashes B 145, 2/2ft 

lid 11 I45 t 2//9jf 151 

lens EfiL ULL » 145.2 / I Hi 
falx ccn bri It 2 121 149,2/24/ 

genital tubercle E ClL B ) 69f 


124 


* 


t i hi a 

tongue B 151.2/2# 

tmehea B 157 t 2 NO. 

ulna B 163,2/54, IHI, 
vein, caudal caval E / /Ml B 2 /4J, 
vein, umbilical E 62. /■ W H 167.2/6/ 
vertebrae E6L LM B I53f, 2/.?4/ 179, 2M2 P22I.CFZ43. 

vertebral 


1X1, 


i 


femur B 165. IK I 


1 


, z m 


growth B HWl 


head E l.trtf* LM B 




145.173.2 / 72 OC.m 


P 221.4/A 4 2j. CF 241,5.22 


i 


he an K <>1 , I**, B Z !43f. lii < H 3. 2 A P 22 1. 4. !9f, Cf 323 

chamber K &L tSft B 1W, 2 


1 


rate E61. A*7. 69. B 137. 177,2/76. 


arch B 15 31, 


valves E6 FB 159 

humerus B 163,,2/54,1 SI 

hypol hnla m us B 2 /2J 

ilium B 


body B 153f,2/,?6 


t 


column F.bLB 1531 
vulva B 169, 

Fixation (X LSJt P2it CF 2 H 
Foal heal E 71 1 U 04 

Follicle E t5f. L% B H9f, 2/^ OC INK <X j9L 12 X% 

P215, 4^ 

aitmnblorie E 33f t /, JtJf, 
dicstrus B 93, 2 m. 

dominant E 1J), LIZ B 93, 2.21. 
du ring pregnane) 

csirus E 


■■ 


w 


■ 


1HL2M4 


■ 


« 


intercostal space 

intcMine CX 429 
ischium 


B 157.179, 


111612/52/ m 


1 IM 


kidney 
Lirvnx B 




i 


liver E612MB159 


lung It 159, (K’ 122. 

mandible IU4L2/22 2/2^ 
nuudlla 


E 31 B93 


j 


B lift 931 


ex: 191 f. P 215. 


149f, 2 i 29 fc 
metacarpus II 163.2/54Z IKI.2 W. 

metatarsus 

mouth 11149.2/27/ 




■» 


growth E 19, /, II B 93,22/ 

hemorrhage 

hemonhagic IS 33f* /. 35. 


r 


E27. 1 . 24 . 35 


HI65,2m IB1.2/BA. 


luteinizing E 33. 4 33/; 


nasai I hone 




me lest rus 

preovulatory E j_9 

p rocs t ms 


neck ka/iiUZ/-/^ 
WM B 149 L 2 J 2 SK 


nose 


wSorsko zas6ilor>o oradivo 
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:3, t. m 


puncture K 


M 


shape E 19, /. 14f 089a 


Maceration see fetal* maceration 

Mandible 
Maxilla 

Median section 

Mesoderm 

Metaca rpus see fet us. me laearpus 
Metatarsus see fetus, me la t artts 

Metestnw B91f.2JZ I IT 

Mucomclra E 77, L£U f)C 209, 
Multiple pregnancy OC 199 t 207. 

Mummiflealion sec fetal muiinn• Iiculion 

Myometrium E4L L47f B 117, 


EI9, U1 B9Jf,2*12£ 


see fetus, mandible 

sec fetus, maxilla 

143.2IM 


si/e 


raIBcuur 

— antrum E LL 2L B 89f, 

— cyst see also ovarian cyst B 107f, 2.4% P 217, 4M 


E/.61 


- lineal cyst B I07f t ZSL 

— thecal cyst B 107f. Z49f 

- wall E I5, 17* 21, B 89f, 2. U 2 /9, 

— wave B 93* Z22f 

Fru niai sect to n 149, 

FSH OC 5,9. 


G 


Neck see fetus, neck 
Nose sec fetus, nose 
Nuclear magnetic resonance imaging 


Genital tuherde see fetus, genital tubercle 

Granulosa cell tumor E 37, K37f. B 111, Z59f, 

Growth retardation B \ 37. 

Gut see intestine 


O 


Obstetrical examination CF 245, 

Ossification see fe tus, <,tssi Ficat i t) n 
Ovarian 


M 


HCG m. 

Heart see also fetus, heart 
— acirvtiv, embryonic 

CF 237* 

Heat see estrus 

i hnd extremity see fetus, extremity, hind 
I horizontal sect ion ft?. 143. 2JJ6, 

Humerus see fetus, humerus 

Hydrallamois E 21 * Zg& OC 209, 13£ 

H yd ran i n ion 

I K . h omctru OC 207f, 133f 

Hymen* persistent 


hematoma E 35, 1.36. 

tumor E 37f* L37f Bill, Z 5% CP 231, i£ 

cyst E 39* U3f H 107f, Z49f, OC |9L 3A P 217, ^ 


CF 231,5.5/: 


Ovariectomy E 37 


Ovary E 15, B Hi 89f, 11 if OC' 191 f. 1% P 215f* 4.4f 


CF 231. 5.5/: 

Ovulation E 19f. U6f 21B 91 f. OC 193. P 2j5* 
— double ovulation K 19, L 31 T 53. 55, 


E 21. LW OC 209 


E 77. 1.111. 


P 


Palate see fetus, palate 

Paramedian section 143. 

Parturition E6L 

Pelvis see also fetus* pe bis B 85, 2* 6f. 

Penetration depth H7. Ill* 173* 

Pe n is see fetus, pen is 

prostaglandin 

Placenta CF 241,12# 

Place mat ion E 45. 51^ CF 245* 5 ? ■ 9, 

Placentome B l£7, 29? 29 7f 133* OC 19205. 12%, 
Plexus cboriodei see fetus, plexus choriodci 

1 1 M SG see BOG 


1 


Ilium see fetus, ilium 

Impedance L 7. 

Implantation E 45*51* 79, 

t ngu i nal gland OC 1 89* 

Intestine see also Fetus, intestine CF 235. 251,5J5. 
— wall E L 7> 

Iodine sol u j i n B 141* ZU4 t 
Ischium see fetus, ischium 


PGF see 


J 


see also fetus* position 159 

159* 173* 2. / 73, 

R 139,2 IQ&f, 


Posterior presentation 

P^tpartum period 
Prepuce sec fetus, prepuce 
Proestrus B 93, ! 17, 


K 


Kidney 1 sec fetus, kidney 


I, 


Progesterone E33, BI05f, 

Prostagland in OC 

Prcgna n c\ 

- age determination E b5l 1.91f w B 175f* 2 187f OC 203. 

- diagnosis* sonographic 

- - accuracy E 43f* B 125, OC 187* 207, P 223* ±22, 

-time of E 45f, B 125, OC 2fM f. 2Wf* P 223, CF 235* 

- disorder E 7F 2 W, B 137,2 f(14f. OC 209, CF 245, SM 
Presentation* anterior 159* 173.2 / 73. 

Pu net ure 

“ device E 57. LML 

- of fetus see fetal, puncture 


Larynx see fetus* larynx 
Leucocytes E L109. 

Linear scanner /.2 83f* 2 If, 187, 227 


193*29/ 2B9. J.J4. 


Uvcr see fetus, liver 


Lochia ElHJJOOf, II139 
Lochiometm E ?L UP 2 B 2.111, 
Longiiudinal section 143* 


y 


Lung see fetus, lung 


Luteal tissue 


25* 95f, 1 U5f 


l^itcinization 
Luteolv’sis E 


E 27, 33. U3f 


25. B 97. 
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— of follicles see follicle, puncture 

PVometra 


U 


E 77. IJ09f r B 141*2/75, OC 207f. 3JZ CF 249f 


L'ltiii see fetus, ulna 


U1L rasound 

— absorption LL 65,137, U7,155,163 v 

— A mode 187,2t)7,213, 

— Doppler 187,207,10* 

— enhancement I5f, Lfijf 

— examination see sonography 

~ frequency 17,25,43,5t + 87f t l% 125, 287/ 131,187,201,223, 

— gel sec coupling gel 

— impact 1.8f, I5£ 

— reflection /.7. 15. Ift3, 

— shadow 15f p I.Hf 1.39. 61. 155f. 3JZ 

— wave 15, 87, 

UmbiIical cord see fetus. umbi 1 ical cord 

Urinary bladder see also fetus, Urinuy bladder E II, 32 /..? 

77* LUO. B 85,25/2/J, OC 189, ii M 

Urine EII,;,ZU,77, 

Urometra E77,/.//2 

Uterus E4lf, B 113f,OC3.3/ 195f. P 21% 4 \2f CF 5.3/ 273/ 

-infusion K7 5,2/04 

— non-pregnant E 

l//g P 219,4./# CF 5.3, 233 

— — during anesirus 

-during dicstnis E 4 l t /, 47, B 113f, Z6I, 266, 

- during cstms E 41, L4Sf 71, B Il3f, 262 265, 267/ 

OC' 195, HZ 

— — during postpartum period E 7If, iJOOf, B 139, 2/08/ 


Q 


R 


Radius see fetus, nidi us 

Reflection LQ7. 73f. 

“ reverberation 85,2 Z 

— specular reflection 45,22, 

— surface LL 125, 

Rectal examination E 1 L 79. B 83. 

Rectum E LL B S3, CF 229, 

Resolution 87f, 1% 

Resorption see embryonic death 

Kevc rbe ra l ion see re fleet <i>n, revcrbe rat ion 

Rumen sec fetus, rumen 


S 


41 f, 247/ B 12f. 113f, 26// OC 


Sagittal section I3 t 22 143,2 /76, 

Sector scanner /J, 83223/ 1 Li 26# 143,187,227 

Sc* determination E 6L B 169, 

Scanning width B 131, 

Scapula see fetus, scapula 
Semium see fetus, scrotum 

Shadowing see ultrasound shadows 

Sonography, technique of 

- transcutaneoiLs 

CF 227f, 1 If, 

- transrcctal E11,65, tt*L B83f,2// OC 1 H7f, IZ 207 
P2l3f,4.2 223, 

- UunsvagjnaJ E 23, L/£ 57f, LSOf. 

Sound sec ultrasound 

Specular reflection see reflection, specular reflection 
Spinal cord 

Spoke wheel pattern E 41, /, 48f 

Sternum 

S tomach 

Stiperovulation B91f, 2/9/ 1DI, 239, OC f 93,3. % 


E41 


CF 245.5.39. 


pregnant E43f. 1.52f, B 238, I I9f, 173f, OC I97f 

233,5,8/ 


P 


E 11 65, OC 187f, 12 207, P 211 ±L 223, 


4.14f CF 


Uterine 


htxb El ZLA 45, B 

compartments B 123j 131.295/ OC 199 
cu rvulu re 

- large B 22 ILL26/. 265/ 275. OC 3A 195. 

- small B 1 LL 26/, 265. 275. OC ! 95, 

horn E LL ^4/ 247/ 45. B 85 f 113f t 26// 2 69f. OC 197. 

lumen E 43 t 75, B115, 121,131 t 295/ OC 195. 
wall IC 45,754 79, B 115f*26// 131,295/OC 195, 


see fetus, spinal cord 


fetus, sternum 


fetus, stomach 


Vagina E 77,1185, 

Vein, umbilical we fetus vein, umbilical 
Vertebral column see fetus, vertebral column 

Vertical section B 145, 

Vestibulum B 85. 


I 


Tati see fetus, tail 

Testicular descent E 63, B 171 
7 estis see fe rus, testis 

Thorax see fetus, thorax 

nbifl 

■'oiigue see fetus, tongue 

J rruehea see fe t us. t rachea 

HH 

Tra nsvc rsc posit ion 2 / 73, 

Transverse section 83. 2.3/ 1 LL 263/ 2/03, 143, 2//6 

] mph nblast OC 197, 

Twin pregnancy E 31,45,51 U L 7}f 29. B L3L 2/03 
207. 

* treatment E 55, 


W 


X 


V 


Yolk sac E 49f. L61f. L 74, CF 237 ,1 IS. 241, 5. 22. 


Z 


Zonary placenta sec placenta 
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Veternary Reproductive Ultrasonography covers all 

of the most important domestic large and small 

animals and is a comprehensive and uniquely 
illustrated account of veterinary gynecologic 
examination and reproduction. Commencing with 
the common indications for ultrasonography, 

gynecologic and obstetric examination, the book 
moves on to interpret ultrasonographic findings, lhe 
pregnant and non pregnant uterus, pathologic 
changes of the uterus and other abnormal 
ultrasonographic findings are described and 
explained. 

This comprehensive guide to horse, cattle, sheep, 

poat, swine, dou and cat gynecologic examination 
and reproduction explains technique as well as 
interpretation. Its extensive illustration pravidesquick 

access and answers. 

Veterinary Rep reductive Ultrasonography, with its 

nearly 400 top-quality illustrations and descriptive 
legends, is the definitive guide to reproductive 

problems facing the busy practitioner in day-to day 
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